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ABSTRACT

EXAMINING THE EFFECT OF A FLIPPED CLASSROOM ON STUDENTS’ MOTIVATION
AND MATHEMATICS ACHIEVEMENT IN DEVELOPMENTAL COLLEGE ALGEBRA
Abdelfattah Sabir, PhD
Department of Educational Technology, Research and Assessment
Northern Illinois University, 2016
Dr. Wei-Chen Hung, Director
The purpose of this study was to examine the effect of a flipped classroom learning
environment on mathematics achievement and motivation. The study compared community
college developmental algebra students in a flipped classroom environment versus those enrolled
in traditional classroom environment during the spring 2016 semester. A total of 46 students
participated in the 8-week study that was conducted in a comprehensive two-year community
college located in Chicago’s northwest suburbs. In the flipped classroom section, the instructor
created online videos of his lectures, and students viewed them and took a short quiz prior to
attending class. Students worked on problem-solving activities in class. Math achievement was
compared between an intervention and comparison group using scores from the mid-term exam.
Student motivation was compared between the intervention and comparison group using the
Keller’s Course Interest Survey (CIS) and Instructional Materials Motivation Survey (IMMS),
and open-ended questions for the intervention group.
The results indicated no statistically significant difference in motivation and math
achievement between the intervention group (flipped classroom) and comparison group
(traditional classroom). Also, the relationship between motivation and math achievement was not

statistically significant. Finally, results showed that class type – flipped classroom and traditional
classroom did not moderate the effect of motivation on math achievement.
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CHAPTER 1

INTRODUCTION

Student retention is one of the most discussed and studied topics in education and is a
serious challenge facing many postsecondary institutions (Huett, Kalinowski, Moller, & Huett,
2008a). Many students leave college before completing their studies. In 2013, U.S. higher
education institutions reported a national retention rate of 65.8% from the first year to the second
year (Aud & Wilkinson-Flicker, 2013). Race, gender, commitment to college, academic aptitude,
academic achievement, family socio-economic background, and the educational level of the
parents can influence the retention of traditional and non-traditional students (Tinto, 1975, 1987).
Many studies on student retention have focused on social and academic integration factors
(Bean, 1980; Pascarella, 1980; Pascarella & Terenzini, 2005; Spady, 1971; Terenzini &
Pascarella, 1977; Tinto, 1975, 1987), satisfaction and commitment to college (Hackman &
Dysinger, 1970), non-academic factors - bad experiences, institutional reasons, lack of resources,
course offerings, cost/benefits, and childcare (Malhotra, Shapero, Sizoo, & Munro, 2007) – peer
interaction and mentoring (Astin, 1984; Sanchez, Bauer, & Paronto, 2006; Strom & Strom, 2002;
Tinto, 1987), and the impact of a first year seminar (Jamelske, 2009).
Because of this challenge, many higher education institutions have allocated substantial
time and resources creating and developing intervention programs and services to improve
retention and graduation rates. One possible solution is to explore effective instructional
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strategies or interventions, such as the supplemental use of technology, project-based instruction,
and delivery format variety (Bonham & Boylan, 2011). The rapid growth of web technology and
online learning provides colleges and universities with new alternatives to meet their students’
needs because online education provides learners with the ability to learn at their own pace by
offering a flexible schedule and delivery system (Kim 2004; Park & Choi, 2009). These
instructional interventions should be explored to see how they might influence learner motivation
and improve achievement and retention.
In addition to the retention of traditional and non-traditional students, retention of online
learners appears to be a challenge as well. Although online learning has been growing in recent
years, drop-out rates have been a concern for many higher education institutions (Kim, 2004;
Park & Choi, 2009). When compared to traditional classrooms, the retention rate is lower for
students enrolled in online environments (Meister, 2002; Visser, Plomp, Arimault, & Kuiper,
2002). Low college graduation and retention rates have a significant financial impact on colleges
and universities and are costly for students, taxpayers, policymakers, and federal and state
governments as well. Government subsidies, student tuition, and fees are the “financial lifeline”
of public colleges and universities (Jamelske, 2009, p.374). American Institutes for Research
analysis found that of the "more than 1.1 million full-time students who entered college in 2002
seeking bachelor degrees, almost 500,000 did not graduate within six years—costing a combined
$4.5 billion in lost income and lost federal and state income taxes ” (Schneider & Yin, 2011,
p.2). In addition, state funding is often based on student retention rates (Zavarella & Ignash,
2009). To remedy to the situation, higher education institutions are focusing more and more on
student’s needs. To date, few studies have identified or explored factors affecting an online
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learner’s motivation and the relationship between motivation and a learner’s decision to drop or
persist in online courses (Lee & Choi, 2011; Park & Choi, 2009; Rovai, Ponton, Wighting, &
Baker, 2007). Some of these studies showed that a lack of motivation was a major reason
students dropped out of their online courses (Lee & Choi, 2011; Kim, 2004; Visser et al., 2002).
However, these studies focused on the instructional format and did not really address the
instructional design strategies that could affect retention. Therefore, there is a need to study the
potential effect of using instructional intervention to address retention issues facing higher
education institutions and especially in community colleges where low retention is particularly
problematic. As institutions explore different instructional interventions, the focus is on
underrepresented and developmental students, who are underprepared for college-level courses
compared to their peers (Morrison, 1999) and have the highest risk of failing a course or
dropping out of college.

Problem Statement

Community colleges have the strategic mission to increase the completion rate of
students earning community college credentials to “5 million by 2020 to meet Obama’s
administration goal” (Bailey & Cho, 2010, p. 49) and also to increase the achievement level of
all students with a focus on underperforming and low-income student groups. Community
colleges are often referred to as “democracy’s colleges” because they have an open enrollment
policy and provide opportunity for all students who desire to learn and attend (American
Association of Community Colleges, 2015, p.23). Retention is significantly lower among 2 year
colleges compared to 4 year colleges and universities (Aud & Wilkinson-Flicker, 2013). In
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addition, community colleges seek to meet the needs of underprepared students and increase the
readiness and success rate for students who enroll in at least two developmental courses through
programs such as the Developmental Bridge Program (Ackermann, 1990). Sometimes
community colleges require orientation assessment and placement testing in math, English, and
reading for full-time students attending college for the first time. After taking the placement test,
some students are required to complete one or more semesters of developmental courses prior to
enrolling in college-level courses. According to Complete College America (CCA), high school
graduates are not adequately prepared to succeed in college. Despite the fact that they are eligible
to attend college, more than 50% of students entering two-year colleges are placed into remedial
classes, and 40% of remedial students never complete their remedial courses (CCA, 2012). In
some cases, colleges require students to take up to three levels of developmental courses, and for
many developmental students, these courses have “become a frightening obstacle” (Bonham &
Boylan, 2011, p.3). These students need to enroll and complete all three semesters of precollege
level courses before enrolling for their first college level course.
Higher education institutions, particularly community colleges, are constantly seeking
ways to help improve the success of students who enroll in developmental courses, and as Bailey
and Cho (2010) have pointed out, “addressing the needs of developmental students is perhaps the
most difficult and most important problem facing community colleges” (p. 46). To respond to
this challenge, community colleges must identify, design, and implement strategies,
interventions, and programs that promote student success in developmental courses and prepare
these students for success in later college-level courses. Without intervention, as few as 10% of
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developmental education students will graduate, compared to 40% of students who receive
appropriate intervention (Brittenham et al., 2003).
Previous studies have shown that instructional intervention, such as supplemental
instruction and computer assisted instruction (CAI), have the potential to assist underprepared
students, actively engage them in the learning process, and provide them with a deep
understanding of course concepts (Mireles, Offer, Ward, & Dochen, 2011; Spradlin &
Ackerman, 2010). Furthermore, the results from these studies have shown that instructional
interventions have a positive impact on performance and retention of developmental students.
Colleges and universities are changing the way they address developmental education by
“ditching the old stigma associated with remedial education and reinventing their remedial and
retention program” (Stuart, 2009, p.9). In the past, higher education institutions have launched
and implemented various instructional interventions and redesigned models to academically
prepare developmental students. Technological advances have made it possible for colleges and
universities to rethink the way they teach and meet the expectations of learners and for students
to find new ways to learn and acquire knowledge. These interventions include online tutoring,
CAI, supplemental instruction, emporium, massive open online courses (MOOC), and online
courses (Bonham & Boylan, 2011). With all these interventions, strategies, programs, and
conflicting interpretations of research, it is difficult to figure out which one holds the most
promise for improving the outcomes of developmental students (Collins, 2010). A new
instructional approach, in this case, flipped classroom, involves the redesign of courses which
might facilitate learning and improve performance, motivation and retention of developmental
students.
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The Flipped Classroom

The proliferation of new technologies, coupled with the growth and ease of Internet
accessibility, has transformed the role of the instructor and student. One technique that has been
employed that reflects this transformation is the flipped classroom. The flipped classroom has
been termed a “hot topic” (Honeycutt & Garrett, 2013, p.1; Moroney, 2013, p.1) and is becoming
an alternative to the traditional lecture in higher education (Galway, Corbett, Takaro, Tairyan, &
Frank, 2014). The term flipped classroom, also known as the inverted classroom (Lage, Platt, &
Treglia, 2000), describes a learning environment where emerging online technologies have been
integrated (Galway et al., 2014) and where the traditional approach has been flipped. By flipping
the classroom, higher education institutions can integrate technology and deliver instruction in a
way that enhances the learning experience by promoting critical thinking and active engagement,
regardless of student learning style.
Traditionally, teachers lecture in the classroom and students do homework. Conversely,
in a flipped classroom, students watch a pre-recorded video lecture before class, and then use
class time to actively engage with the content through problem-solving activities with their peers
or instructor. In addition, the flipped classroom provides a “framework for smoothly integrating
online technologies with active and collaborative learning” (Galway et al., 2014). Finally,
flipping classrooms shifts the focus of the learning environment from instructor-centered to
student-centered while utilizing educational tools to enhance the overall learning environment
(Bergmann & Sams, 2012). In a student-centered learning environment, students are responsible
for their own learning both inside and outside the classroom (Bergmann & Sams, 2012; Davies,
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Dean, & Ball, 2013), and peer-interaction is a critical aspect in student motivation (Chickering &
Gamson, 1987).
During in-class activities, students apply concepts they viewed and learned outside the
class and interact and work with their peers on problem-solving activities that build upon the
video content. Students can ask questions and receive immediate feedback from the instructor.
Several studies have shown that mentoring and faculty-student interaction could enhance student
retention and have a positive influence on student development and undergraduate retention
(Sanchez et al., 2006; Terenzini & Pascarella, 1980; Tinto, 1975). Peer-mentoring and facultystudent interaction could increase a student's emotional ties to the university and increase
affective commitment since that individual has developed a relationship with a more experienced
student in the organization (Sanchez et al., 2006). In addition, mentoring is critical in making the
student feel accepted, especially in a new environment (Sanchez et al., 2006).
Bergmann and Sams (2012), Lage et al. (2000), and Talbert (2014a) popularized the
flipped classroom model to maximize active learning in class by using a variety of media and
delivery formats to help develop self-regulated learning (Talbert, 2014b) outside of class. In a
flipped classroom, harnessing technology enhances learning and improves performance. Prior to
class, video lectures (or any technological media) introduce students to the content. Viewing
video lectures outside of class provides students with the freedom to learn at their own schedule
and pace. When necessary, to better understand the concepts, students have the flexibility to
pause and rewind the lectures, post comments, and ask questions using online discussion forums.
Outside class activities provide students with enough content knowledge to help them focus on
Bloom’s higher cognitive levels, such as application, analysis, and synthesis, which better
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prepare them for the in-class activities. Therefore, the content of the instruction needs to be
carefully organized in order to make it “meaningful, comprehensible, memorable and appealing”
(Januszewski & Molenda, 2008, p. 30), and motivating. By comparison, the traditional “lecture”
classroom model places more emphasis on Bloom’s lower level thinking skills, such as
remembering, understanding, and applying while the flipped classroom model emphasizes
Bloom’s higher level thinking skills, such as analyzing, evaluating, and creating.
There are few quantitative studies assessing the effectiveness of flipped classrooms (Butt,
2014; Findlay-Thompson & Mombourquette, 2014). Most of the research on flipped classrooms
has been conducted in business, chemistry, nursing, statistics, engineering, and physics courses,
and has focused on academic performance (Love, Hodge, Grandgenett, & Swift, 2014; Mason,
Shuman, & Cook, 2013; Rudick, 2012; Strayer, 2007), learning enhancement and promotion
(Davies et al., 2013; Schwartz, 2014; Zappe, Leicht, Messner, Litzinger, & Lee, 2009), student
engagement (Findlay-Thompson & Mombourquette, 2014), student satisfaction with the learning
environment (Butt, 2014: Bland, 2006; Haden et al., 2009), and students’ perceptions of the
learning environment (Lage et al., 2000; Strayer, 2012). The observed effects have generally
been positive.
However, not all studies on flipped classrooms have indicated a positive effect. Some
studies have found that flipped classrooms did not improve student satisfaction (Missildine,
Fountain, Summers, & Gosselin, 2013; Strayer, 2012), knowledge (Papadopoulos & Roman,
2010), and achievement (Rais-Rohani, Walters, & Vizzini, 2010). One study reported no grade
differences when comparing flipped classrooms with traditional classrooms (Findlay-Thompson
& Mombourquette, 2014). Similarly, a study of a computer applications course by Johnson and
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Renner (2012) reported no significant difference in test scores for students who enrolled in a
flipped classroom.
Despite criticism, the flipped classroom method still thrives and has been gaining
popularity in many areas of education due to its enhancement and facilitation of student learning,
and its ability to engage students. The flipped classroom method could encourage and help
prepare developmental students to become self-directed learners. Finally, it has the potential to
promote motivation and achievement and thus, increase the retention of developmental students.
There has been little research on how flipped classrooms are related to math achievement
and motivation among mathematically underprepared students. Research also fails to examine
how instructors in technologically-enhanced pedagogical environments use innovative course
design to provide students the opportunity to take control of their own learning and if this
approach positively impacts the motivation and retention of developmental students.

Purpose Statement

The purpose of this study was to examine the effect of the flipped classroom on students’
mathematics achievement and motivation by comparing community college, developmental
algebra students in a flipped classroom with those in a traditional classroom. In the flipped class
section, the instructor created online videos of his lectures. Students viewed the videos and took
a short quiz prior to attending class. Students then worked on problem-solving activities in class.
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Theoretical Framework

The theoretical framework for this study was based on Keller’s model of motivational
design (2010) and its four categories that influence motivation to learn: Attention (A), Relevance
(R), Confidence (C), and Satisfaction (S). Keller (1987a, 1987b, 1987c) created the ARCS model
to promote, stimulate, manage, and sustain motivation in the learning process. Furthermore, the
ARCS motivational model provides a framework for evaluating motivational components in
online course design. Keller (2010) defined the four elements as follows:
•

Attention – Capturing the interest of the student; stimulating the curiosity to learn.

•

Relevance – Meeting the personal needs/goals of the students

•

Confidence – Helping students believe that they will succeed and control their
success

•

Satisfaction – Reinforcing accomplishment with internal and external rewards

Motivation is a critical factor for the learning success of students who enroll in online
courses (Keller, 1979; Lee, 2000; Lee & Choi, 2011; Visser et al., 2002) and for performance
improvement and achievement (Huett et al., 2008a). Several studies have shown that lack of
motivation is a significant contributor to online students dropping out of college (Gabrielle,
2003; Kim, 2004; Lee & Choi, 2011; Moore, 2007; Visser et al., 2002).
Keller’s ARCS model is grounded in the extensive review of motivational theories and
the grouping of motivational concepts based on their shared attributes (Keller, 2010). In addition,
as Keller (2010) describes, the ARCS Model enhances the learning environment and stimulates
students’ motivation to learn. The ARCS model is an attempt to synthesize behavioral, cognitive,
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and affective learning theories to demonstrate that external conditions can influence learner
motivation. The purpose of the ARCS model is to employ strategies that are used to improve the
motivational appeal of instruction. This, in turn, should translate into a positive influence and
improvement on learner motivation and outcome. Given the relationship between motivation and
persistence, Keller (2010) hypothesized that using ARCS strategies to improve the motivational
appeal of instruction would also lead to increased learner persistence or retention. Keller’s ARCS
model has been validated by several studies (Means, Jonassen, & Dwyer, 1997; NaimeDiffenbach, 1991; Small & Gluck, 1994; Visser & Keller, 1990) and has been applied to
different learning and design environments. Keller’s ARCS model has been chosen because of its
applicability in designing, developing, and evaluating instructional materials, and it is one of the
most “coherent and comprehensive instructional design models accommodating motivation”
(Means et al., 1997 p. 5). Previous studies have demonstrated that using the ARCS model to
increase the effectiveness of designing and developing strategies will lead to improved
motivation, which in turn could lead into improvement of performance or achievement
(Alhassan, 2014; Gabrielle, 2003; Huett et al., 2008a; Huett, Moller, Young, Bray, & Huett,
2008b; Lin 2009; Means, Jonassen, & Dwyer, 1997; Park & Choi, 2009; Song & Keller, 2001).
Motivational design is the “process of arranging resources and procedures to bring about
changes in people’s motivation” (Keller, 2010, p. 22). Because developmental students often
lack motivation (Lowery & Young, 1992), the main goal of motivation design is to improve
instruction appeal, which in turn could improve a student's motivation to learn and could have a
positive effect on their attitudes towards learning. Integration of Keller’s motivational design
into a flipped classroom may increase focus, engagement, and motivation among developmental
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students and may help them become successful in their studies. Increasing motivation through a
well-designed flipped classroom may positively impact the mathematics achievement and
retention rate of students enrolled in a developmental mathematic course. The four elements
supported the construct of this study in its attempt to use the ARCS motivational model to
improve motivation, mathematics achievement, and therefore, the retention of students enrolled
in developmental courses.

Research Questions

This research addressed the following questions:
1. What is the effect of a flipped classroom on mathematics achievement of community
college students enrolled in a developmental algebra course?
2. What is the effect of a flipped classroom on motivation of community college students
enrolled in a developmental algebra course?
3. Is there a relationship between motivation level and mathematics achievement among
students enrolled developmental college algebra courses at a community college?
4. Does the type of classroom (flipped vs. traditional) moderate the relationship between
motivation and mathematics achievement success for students enrolled in developmental
college algebra courses at a community college?

Research Hypotheses

The following were the primary hypotheses of this study:
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1. There are no differences in mathematics achievement between the traditional classroom
and flipped classroom, after controlling for math placement test score.
2. There are no differences in motivation between the traditional classroom and the flipped
classroom, after controlling for ATMI score.
3. Motivation level does not predict mathematics achievement.
4. The relationship between motivation level and mathematics achievement does not differ
by class type (traditional vs. flipped classroom).

Significance of the Study

Higher education institutions face the challenges of low motivation (Moore, 2007),
achievement, and retention (Bonham & Boylan, 2011) for students who enroll in developmental
college algebra courses. Institutions are responding to the challenges of engaging and retaining
students and improving success rates in online and lecture-based environments by experimenting
with new instructional approaches. These approaches involve re-designing courses into a flipped
classroom learning environment which might facilitate learning and improve performance and
motivation in a technology-enhanced pedagogical environment.
It is unknown what effect substituting the flipped classroom for the traditional lecture
classroom will have on learner motivation and achievement for developmental college algebra
courses. Numerous studies have looked at various aspects of the flipped classroom model. They
have focused on chemistry, economics, engineering, health and science, mathematics, and
physics classrooms, and these studies primarily examined the effects of flipped classrooms on
student performance and satisfaction (Lage et al., 2000; Missildine et al., 2013; Tune, Sturek, &
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Basile, 2013), achievement (Davies et al., 2013), and students’ engagement (Enfield, 2013).
However, very little research has been done to assess the effect of the flipped classroom on the
motivation of students who are underprepared for college mathematics—specifically, whether
video lectures or in-class activities in flipped classrooms can enhance motivation. Therefore, the
current study will contribute to the knowledge base of novel instructional approaches and how
they can enhance and promote learners motivation. Thus, this study will help address retention
issues in higher education by examining the motivational appeal of developmental algebra
instruction and the development of the flipped classroom model at a community college. In
addition, it may provide course designers and instructors with valuable insights for improving
developmental math instructional materials and for designing enhanced collaborative in-class
activities to improve students’ motivation. Furthermore, this study may positively and effectively
change pedagogical practices in developmental mathematics education. Finally, through data
collection and analysis, this study aimed to add to the knowledge base as to whether the flipped
classroom is appropriate for teaching developmental college algebra while filling the gap in
literature regarding flipped classroom integration and the ARCS motivation model.

Definition of Terms

For the purpose of this study, the concepts are defined as follows:
•

Achievement. For this study, achievement or math achievement refers to scores
earned from the mid-term exam during the spring 2016 semester. Students earning a
grade of C or better in intermediate algebra will demonstrate academic success.
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•

Attention. Attention is defined as capturing and sustaining learner interest and
curiosity (Keller, 2010).

•

Confidence. Confidence is defined as helping the learners believe and feel that they
will succeed and be in control of their success (Keller, 1987a).

•

Developmental College Algebra. The term developmental college algebra is often
used interchangeably with the term intermediate algebra (MTH 080) to describe the
continuation of Beginning Algebra (MTH 060).

•

Developmental students. The term developmental student is often used
interchangeably with the term remedial student to describe students who enroll in
reading, writing, and math classes that are below college-level. Students do not
receive credit for developmental courses.

•

Flipped classroom. The term flipped classroom, also known as the inverted
classroom (Lage et al., 2000), describes a learning environment where students watch
a pre-recorded video lecture before class, and then use class time to actively engage
with the content through problem-solving activities with their peers or instructor.

•

Motivation. Motivation is defined as what people choose to pursue and how actively
or intensely they pursue it (Keller, 2010). For the purpose of this study,
developmental students’ motivation was analyzed by using all elements of Keller’s
ARCS motivational model (i.e., attention, relevance, confidence, and satisfaction).

•

Relevance. Relevance is defined as people’s feelings or perceptions of attraction
toward desired outcomes, ideas, or other people based upon their own goals, motives,
and values (Keller, 2010).
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•

Satisfaction. Satisfaction is defined as what learners feel when they achieve a
desirable level of success (Keller, 2010).

•

Traditional classroom. Traditional classroom is used to describe a classroom
environment where students and the instructor meet face-to-face in the same room
during scheduled days and times. Content is delivered through lecture.

Assumptions

This study was conducted at a community college in Northwest Illinois and was subject
to the following assumptions:
1. The data used for this study were reliable and valid.
2. Due to the fact that the community college is an open-enrollment college, participants
had a wide range of academic preparedness and motivation.
3. The participants in the study were representative of community college
developmental students and that they answered the questions honestly.
4. Instructor’s teaching methods and interaction with participants were assumed to be
identical for both intervention and comparison groups.

Limitations

This study was subject to the following limitations:
1. The sample was a convenience sample and not a random sample; the participants in
this study were not randomly assigned to the intervention or comparison groups.
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2. Students self-selected the course sections in which they enrolled.
3. The research study was voluntary; therefore students had the option to not participate
or respond honestly to the surveys.

Delimitations

This study was subject to the following delimitations:
1. Participation in this study was delimited to community college developmental students
at a single community college located in Northwest Illinois. Therefore, the results will
have limited transferability to other community colleges.
2. The study examined only one course during 8 weeks (mid-semester) for the spring 2016
semester which may limit the ability to generalize results across states and community
of colleges, even within the institution studied.

Summary

The omnipresence of technologies, coupled with the growth and ease of internet
accessibility, makes it possible for colleges and universities to rethink the way they teach and for
students to find new ways to learn and acquire knowledge. Institutions are experimenting with
new instructional approaches as a response to the challenges of engaging and retaining remedial
students and improving success rates in online and lecture-based environments. These
instructional approaches involve redesigning courses in a flipped classroom learning
environment, which might increase student retention and student motivation, engage millennial
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students (Roehl et al., 2013), facilitate learning, and improve performance and motivation in a
technology-enhanced pedagogical environment.
The purpose of this study was to examine the effect of the flipped classroom learning
environment on mathematics achievement and motivation by comparing community college,
developmental algebra students in a flipped classroom with those in a traditional classroom. In
the flipped class section, the instructor created online videos of his lectures, and students viewed
them and took a short quiz prior to attending class. Students worked on problem-solving
activities in class.
This study will fill a void in the literature regarding flipped classrooms, motivation,
mathematics achievement, and developmental college algebra. In addition, this study will
broaden the scope of Keller’s ARCS Model framework, because little research has examined
how this model could help improve the motivational appeal of the instructional materials (Keller,
1987a). Currently, higher education institutions are facing the challenge of low motivation
(Moore, 2007), mathematics achievement, and retention (Bonham & Boylan, 2011) for students
who enroll in developmental college algebra courses. Therefore, studying the flipped classroom
and its impact on student motivation and mathematics achievement will provide college
administrators and educators with valuable insights about the creation and design of instruction
material for these students.

CHAPTER 2

REVIEW OF THE LITERATURE

Introduction

This chapter presents the main elements of the study and an in-depth review of the
available literature related to retention, motivation, flipped classrooms, and Keller’s ARCS
motivational model, which was used as the theoretical framework for this study.
ERIC, EBSCOhost, ProQuest, and JSTOR databases were used to locate peer-reviewed
journals, articles, dissertations, books, and reports pertaining to the topic. A thorough search of
keywords (i.e., flipped classroom, retention, motivation, online learning, developmental
education, and ARCS model) yielded a multitude of articles, but only a few of these mentioned
flipped classrooms and the ARCS model. Therefore, there is a possible gap in the literature in
regards to the flipped classroom and how it may affect motivation and mathematics achievement.
The first group of articles presented here addresses student retention. The second
collection addresses developmental students and the effect of motivation on developmental
students. The third set of articles addresses the use of the ARCS motivational model as an
instructional intervention to address performance, retention, and motivational needs of online
learners by manipulating the components of confidence and relevance, using technology to
deliver motivational messages, and integrating the ARCS model in a project-based learning
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environment. Finally, the last cluster of articles addresses student engagement and performance
in a flipped classroom environment. The purpose of this study was to examine the effect of the
flipped classroom learning environment on mathematics achievement and motivation by
comparing community college, developmental algebra students in a flipped classroom with those
in a traditional classroom. The proposed research study used the interventions – flipped
classroom or motivation tactics discussed in these articles to enhance student motivation in a
flipped classroom environment.

Student Retention

The issue of student retention is one of the most serious problems facing many
postsecondary institutions. Many students leave college before completing their studies. In fall
2013, the national retention rate was 68.7% for of all first‐time students who started in fall 2012
among all U.S institutions of higher education (NSCR, 2014). And, 55% of students who started
college in 2008 had finished their two or four-year degrees even six years later. Low college
graduation and retention rates have a significant financial impact on colleges and universities and
are costly for students, taxpayers, policymakers, and federal and state governments. With the
economic crisis and budget cuts, the 2006 Spellings Commission Report stated that “ Congress
continues to exert pressure on higher education to prove, rather than merely assert, its
effectiveness, with colleges and universities’ favorable tax status and government funding
hanging in the balance” (McPherson & Schapiro, 2008, p. 5). Without federal and state
assistance, colleges and universities will not be able to expand or continue their retention
interventions or strategies which are critical in improving students’ performance and thus
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increase retention rates. Furthermore, according to the American Institutes for Research (AIR,
2011), the Obama administration has set a challenging goal for the country: “By the year 2020,
the United States will have the highest proportion of college graduates in the world” (p.3). The
Obama administration sees college completion as critical to American competiveness, and
similarly, governors see their states economic future as dependent on “a highly educated and
skilled workforce” to meet global competition (Schneider & Yin, 2011, p.1). Furthermore,
forecasts of educational demand through 2018 estimate that “63% of all jobs will require some
college degree or better, while 30% will require a Bachelor’s degree or better” (Carnevale,
Smith, & Strohl, 2010, p.13).
In the past, several theories have emerged with regards to student retention. Tinto‘s
(1975) student departure and Astin’s (1984) student involvement theories are the most prominent
in retention literature (Mertes & Hoover, 2014). Besides these theories, several research studies
on student retention have been conducted and focused on determining factors influencing
retention, such as social integration and academic factors (Bean, 1980; Pascarella, 1980; Settle,
2011; Spady, 1971; Terenzini & Pascarella, 1977, 2005; Tinto, 1975, 1987), satisfaction and
commitment to college (Hackman & Dysinger, 1970; Settle, 2011), non-academic factors—bad
experiences, institutional reasons, lack of resources, course offerings, cost versus benefits, and
childcare (Malhotra et al., 2007), peer-interaction and mentoring (Astin, 1984; Sanchez et al.,
2006; Strom & Strom, 2002; Tinto, 1987), intrinsic and extrinsic motivation (Lin & Mckeachie,
1999), academic advising (Ryan, 2013), and the impact of a first-year seminar, orientation or
study skill course (Derby & Smith, 2004; Jamelske, 2009; Windham, Rehfuss, Williams, Pugh,
& Tincher-Ladner 2014).
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A study by Nakajima, Dembo, and Mossler (2012) investigated factors likely to influence
a student’s decision to drop out or stay in school. Specifically, this study examined demographic,
financial, academic, academic integration, and psychosocial variables and their relationship to
student persistence. A sample of 427 community college students completed a 63-item survey
assessing psychosocial factors (i.e., self-efficacy and goals), academic integration (i.e., studentfaculty interaction), and a number of background variables (i.e., demographic, financial, and
academic). Participants were students enrolled in classes in the fall 2007 semester at a
community college located in southern California. In addition, student retention was measured
through college enrollment the following semester. Results of the study revealed that age, work
hours, and financial aid influenced student persistence, but the effects diminished once multiple
variables were entered into the analysis. Among all the variables, cumulative GPA was the
strongest predicting factor for student persistence. Students who had higher cumulative GPAs
were twice as likely to stay in college. In addition to cumulative GPA, both enrollment units and
English proficiency were predicting factors. However, contrary to expectations, none of the
academic integration or psychosocial variables was a predictor of student persistence. Both goals
and self-efficacy were significantly correlated with cumulative GPA, which, in turn, predicted
student persistence. The study found that faculty-student interaction was also significantly
correlated with enrollment units, which, in turn, predicted student persistence. This is consistent
with findings from a study by Terenzini and Pascarella (1980), which concluded that the
frequency of students’ informal contact with faculty members outside the classroom was
consistently found to be positively related to the likelihood of freshman year persistence. Finally,
the study by Nakajima, Dembo, and Mossler (2012) also revealed that almost all of the variables
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interrelate with one another, therefore providing a unique picture on how complex the decision to
stay in college is for students.
In an effort to address and improve student retention, in particular among college
freshmen because they are more likely to drop out during the first year than any other time
(Tinto, 1987), higher education institutions have launched and implemented several strategies
and initiatives; one of them is first-year experience (FYE) or orientation programs. These
programs are “basic courses introducing students to college life” (Jamelske, 2009, p.374), help
them make a smooth transition from high school to college, enhance their engagement, and
increase their involvement with the college or university. According to Brownell and Swaner
(2010), students who enroll in FYE courses are more involved in campus life, develop more
knowledge and use of campus resources, and develop a positive relationship with faculty. In
addition, several studies have shown that FYE and orientation courses have an impact on
achievement and retention (Derby & Smith, 2004; Jamelske, 2009; Stephenson, 1997).
Derby and Smith (2004) studied the relationship between taking an orientation course and
(a) students’ success in obtaining a transferable degree within a specified two-year time period,
(b) student drop-out, (c) student re-enrollment after brief enrollment breaks (stopping-out), and
(d) student persistence. The goal of the orientation course was to assist students in their transition
into the college environment, encourage success and attainment of goals, and foster relationships
that would help facilitate this success. For the purpose of the study, the data for regular (nontransfer) and transfer students were analyzed separately. Data cases were identified and separated
into two groups: non-reverse transfer students (with less than 16 hours transferred) and reverse
transfer students (with 16 credit hours or more transferred). After separating students into these
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categories, a Pearson chi-square analysis was used to assess whether there was a relationship
between each of the four retention measures and their enrollment in the orientation course. The
results showed that for the first cohort of non-reverse transfer students, there was significant
association between orientation course enrollment and degree attainment. A large proportion of
students who took the orientation course (1) obtained their degrees, (2) did not fit the ‘‘dropout’’ criteria and conversely, (3) tended to re-enroll after taking a one, two, or three semester
break in enrollment, and finally, (4) persisted over time compared to those students who did not
take the orientation course.
Similarly, a study by Jamelske (2009) examined the FYE impact on grade point average
(GPA) and retention after 1 year for students who started college in the fall of 2006. The results
showed that there were no positive effects on retention; however having a higher high school
rank, entering college with existing credits, living on campus, and being male all increased the
probability of retention. In contrast, having an undeclared major, being a first generation college
student, and being an older student were all associated with a lower likelihood of returning after
the first year. In addition, the findings showed that GPAs for FYE students were higher than nonFYE students.
Another study by Windham et al. (2014) found that successful completion of a study
skills course increased fall-to-fall retention for students who enrolled in the institution with an
ACT COMPASS (American College Test, 2006) score over those who do not participate in a
study skills course. In addition, results also showed that while ethnicity, race and socioeconomic
status were not significant, factors of retention, gender, age, and ACT COMPASS Reading score
significantly predicted student retention.
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Online Student Retention

Besides retaining traditional learners, higher education institutions are faced with the
same concerns for distance learners. In the past few years, higher education institutions have
seen increased enrollment in online courses, and online learning has become critical to their
strategy (Gonzalez, 2015). According to the U.S. Department of Education, 5.5 million students
took at least one online course in 2012. Web technology and online learning are rapidly growing
because they provide learners with the ability to learn at their own pace by using a flexible
schedule and flexible delivery system (Kim 2004; Park & Choi, 2009). The omnipresence of
technologies coupled with the growth and ease of internet accessibility makes it possible for
people to find new ways to learn and acquire knowledge. Moreover, online programs allow
students to pursue a degree by removing numerous physical and temporal barriers (Gleason,
2004).
Despite the fact that online learning has been growing in recent years, drop-out rates have
been a concern for many higher education institutions (Boston et al., 2014; Kim, 2004; Park &
Choi, 2009). The dropout rate is higher for students enrolled in online environments when
compared to traditional classrooms (Meister, 2002; Patterson & McFadden, 2009; Rovai, 2003;
Visser et al., 2002).
Several studies have been conducted to identify or explore factors influencing students’
decision to drop-out or persist in online learning, and the results showed that the lack of
motivation was a significant factor (Gonzalez, 2015; Kim, 2004; Visser et al., 2002) and had the
most significant impact on affective outcomes—high level of perceived stress, poor
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psychological adjustment to university life, and poor general well-being (Baker, 2004). Besides
motivation, other factors such as confidence, locus of control, satisfaction with the course, and
relevance have shown to have an influence on student retention.
A study by Rovai et al., (2007) examined the motivational characteristics of online
learners and tried to identify differences, if any, between distance and on-campus learners. The
study provided evidence that e-learning students possess stronger intrinsic motivation than oncampus students in traditional classrooms based on three intrinsic motivation measures: (a)
knowing, (b) accomplishing things, and (c) experiencing stimulation. The finding was consistent
with another study (Coussement, 1995) that suggested intrinsic motivation was found to be a
significant predictor of persistence and achievement in distance education. Similarly, Gonzalez’s
(2015) study provided empirical evidence of the positive impact of intrinsic and extrinsic
motivation, and the negative influence of amotivation on the retention of both fully online
students and on-campus students taking one or more online course. Therefore, e-learning should
incorporate methods better suited to the self-regulated learner such as allowing the student a
greater role in determining learning objectives, defining learning activities and timelines, and
reflecting on how well self-selected objectives have been met (Rovai et al., 2007).
Another study by Park and Choi (2009) examined factors influencing adult learners’
decision to drop out or persist in online learning. Particularly, this study focused on three main
categories: individual characteristics, external factors, and internal factors. The results showed
that persistent learners did not differ from the dropouts in their individual characteristics. In other
words, a learner’s age, gender, and educational level did not have a significant and direct effect
on the dropout decision. This is consistent with claims from other research that stated that a
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learner’s characteristics play only a minor or indirect role (Kember, Lai, Murphy, Siaw, & Yuen,
1992; Willging & Johnson, 2004). The study suggests that besides motivation, a learner’s
satisfaction with the online course and the relevance of the course are major factors affecting an
online student’s decision to drop or persist (Park & Choi, 2009). Online courses need to be
designed in ways that simulate active participation while ensuring learners’ satisfaction and
course relevance, otherwise learners will lose their motivation (Keller, 1987; Means et al., 1997).
Means et al. (1997) examined the cognitive effects of motivation and its results primarily
from the viewpoint of the students and their assessment of the relevance of what is being learned,
that is, whether the ideas being studied are meaningful and whether they fulfill the learners’
goals. The study compared the effects of intrinsic relevance (material fulfilling a purpose or need
of the learner) with embedded, extrinsic relevance-enhancing strategies based on the ARCS
model. Analysis of data showed that students who perceived the instruction as relevant had a
higher level of motivation and performance than students who perceived the instruction as
irrelevant.

Developmental Students

Retention of students enrolled in developmental courses is a serious problem for higher
education institutions. Many developmental students leave college before completing their
remedial course sequence. Developmental students often “lack the academic skills” (Moore,
2001, p. 32) or motivation (Ley & Young, 1998; Lowery & Young, 1992), are underprepared for
college-level courses compared to their peers (Morrison, 1999), are less motivated to learn (Lee
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& Young, 1998; Moore, 2007), and have the highest risk of failing a course or dropping out of
college.
According to the CCA (2012), many high school graduates are not adequately prepared to
succeed in college. Despite the fact that they are eligible to attend college, more than 50% of
students entering two-year colleges are placed into remedial classes, and 40% of remedial
students never complete their remedial courses. In some cases developmental students are
referred to up to three levels of developmental courses. Each semester, students need to enroll
and complete all three semesters of precollege level courses before enrolling for their first
college level course. Fewer than 25% of remedial students complete a degree or certificate
within eight years of enrollment in college (Bailey, 2009), and about 33% complete the
developmental math sequence (Bailey, Jeong, & Cho, 2010).
Higher education institutions, particularly community colleges, are constantly seeking
ways to help improve the success of students who enroll in developmental courses, and as Bailey
and Cho (2010) have pointed out, “addressing the needs of developmental students is perhaps the
most difficult and most important problem facing community colleges” (p. 46). Without
intervention, as few as 10% of developmental education students will graduate, compared to
40% of students who receive appropriate intervention (Brittenham et al., 2003), especially for
developmental mathematics courses, which usually have the highest rates of failure and noncompletion (Bonham & Boylan, 2011; Mireles et al., 2011). Therefore, to respond to this
challenge, community colleges must identify and rely on research to design and implement
strategies, interventions, and programs which promote student success in developmental courses
and prepare these students for success in later college-level courses.
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Affective Factors

Most studies on developmental students’ performance have focused on factors such as
individual characteristics, socioeconomics, self-efficacy, and academic preparation (Moore,
2007), and cognitive factors are frequently used to place students in developmental courses and
influence student outcomes. However, addressing non-cognitive, affective characteristics “is
frequently an untapped area in attempts to promote students’ achievement and retention in
developmental mathematics” (Bonham & Boylan, 2011, p.4), and it might influence students’
performance and promote their achievement (Bonham & Boylan, 2011; Guy, Cornick, &
Beckford, 2015; Higbee & Thomas, 1999; Spradlin & Ackerman, 2010).
A study by Higbee and Thomas (1999) explored the relationship between affective
variables and mathematics achievement among high-risk students enrolled in a sequence of
developmental mathematics courses that used a variety of instructional methods. The authors
used a variety of instructional methods that were incorporated into the course content to address
both cognitive and affective barriers to learning math. Part of the affective treatment involved
using counselors who taught with the math instructor and introduced special activities, including
relaxation exercises and metacognitive learning strategies. The sample consisted of 23 college
freshmen who were placed in the Academic Assistance (ACA) 96 and 97 math sequence based
on their performance on the mathematics portion of the Scholastic Aptitude Test (SAT) and the
institution's math placement exam, which was developed by the mathematics department. Mean
SAT scores for students in the sample were 384 for math and 422 for verbal. The mean high
school grade point average (HSGPA) was 2.70. The results showed that common variables used
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to predict achievement in higher education (i.e., SAT math and verbal scores, high school GPA,
and predicted university GPA) were not significantly correlated to any of the outcome measures
(i.e., test average, homework average, computer test average, final examination grade,
developmental math course grade, and course grade in the first core curriculum mathematics).
However, there were numerous significant correlations among the measures of affective
variables and the students' confidence in their ability to be successful in learning mathematics.
One major implication of this study is that developmental educators cannot ignore affective
barriers to mathematics achievement. Another major implication is that high-risk developmental
mathematics students may benefit from the use of diverse teaching strategies to address both
affective and cognitive factors that may be related to achievement.
Similarly, a study by Guy et al. (2015) explored the impact of affective variables, such as
motivation, academic-related skills, and social engagement, on student learning. The researchers
administered the ACT’s Engage survey, which measures motivation, academic-related skills, and
social engagement, as well as the attitudes toward math inventory (ATMI) survey. Student
performance on the course was measured by a 25 question multiple choice final exam. The
research took place at a large urban community college in the Northeast United States where 14
developmental elementary algebra instructors consented to having a researcher attend a class
meeting to administer surveys during the first two weeks of the spring 2012 semester. Although
the Engage survey provided the researchers with an opportunity to measure a wide range of
affective characteristics, it did not directly relate to mathematics. To address this, the researchers
supplemented Engage with the ATMI. The researchers created an ordinary least squares (OLS)
regression model with the score on the final exam as the dependent variable, and they included
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all the scales from Engage and the ATMI as continuous variables. They also added traditional
predictors of student success, such as placement scores and high school GPAs. Of the affective
variables included, only two affective variables - ATMI motivation and ATMI confidence - were
statistically significant predictors. Age also was a statistically significant predictor. The results
indicated that higher motivation to study mathematics, which was measured at the beginning of
the semester, was correlated with a higher score on the final exam. Also, of the affective
variables measured, ATMI motivation was a statistically significant predictor of final exam
score, while ATMI confidence had a statistically significant negative correlation with final exam
score. The authors concluded that to make significant progress toward better supporting student
success and credential completion, instructors and practitioners should focus less on background
characteristics as a predictor of student success and more on which strategies or practices best
support it.
Mireles et al. (2011) used data from the 2008 learning and study strategies inventory
(LASSI) to explore the effectiveness of incorporating study strategies, such as supplemental
instruction (SI) and strategy integration (learning and study strategies), in a developmental
mathematics college algebra program. Both quantitative and qualitative data were collected
through a quasi-experimental methodology. A paired t-test was used to analyze pre- and postscale scores to assess changes in the students' awareness and use of learning strategies.
Responses to the surveys added qualitative evidence. The results from the study showed
statistically significant changes in all scales measured by the LASSI. On average, those changes
were positive. In general, students commented most frequently about decreases in anxiety,
improvements in attitude, and increases in motivation.
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Computer-mediated Instruction

In addition to addressing affective factors, higher education institutions are using
innovative teaching and learning approaches to address developmental student retention. With
the increased use of computers and the rapid growth of web technology, online learning provides
colleges and universities with new alternatives to meet their students’ needs because online
education provides learners with the ability to learn at their own pace by offering a flexible
schedule and delivery system (Kim 2004; Park & Choi, 2009) and is becoming an “integral part
of higher education” (Zavarella & Ignash, 2009, p.2). Integrating technology in these
instructional interventions should be explored to see how they might influence learner motivation
and improve learning, mathematics achievement, and retention.
Taylor (2008) compared student achievement in web-based, computer-assisted
curriculum in remedial mathematics classes with classes that used the traditional lecture method
of instruction. In addition, the study examined the effects each treatment had on students’ anxiety
and attitudes toward mathematics. Taylor (2008) found that a computer-mediated curriculum
does improve mathematical achievement for some students. For other students, the lecture
method seems to be best. In addition, the study indicated that some of the students’ anxiety levels
were decreased and students’ attitudes toward mathematics were improved after a semester of
using the computer-mediated instruction.
Zavarella and Ignash (2009) examined the differences in students’ withdrawal and
completion rates in classes delivered via different instructional formats (i.e., distance learning,
hybrid, or traditional) at a large, urban, multi-campus community college located in Florida. The
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results indicated that the students enrolled in the hybrid or distance learning formats had a higher
withdrawal rate (42% and 39%, respectively) than those students enrolled in the lecture-based
format (20%). In addition, results from this study revealed that students who enrolled in a hybrid,
distance, or lecture-based developmental mathematics course for personal reasons were more
likely to complete the course as compared to those who enrolled based on their perceived
learning needs. Furthermore, student learning styles and College Placement Test (CPT) scores
did not seem to affect their completion status in a developmental mathematics course delivered
via any of the three instructional formats.
Zhu and Polianskaia (2007) evaluated the effectiveness of the traditional lecture and
computer-mediated instructional format by comparing developmental mathematics students'
performance in traditional lecture classrooms to their performance in computer-mediated
classrooms. Data were collected for all students enrolled in developmental math from 1996 to
2005. After careful evaluation, the researchers concluded that students’ performance in
computer-mediated classrooms was similar to their peers in traditional lecture classrooms.
A quasi-experimental study by Spradlin and Ackerman (2010) compared the academic
performance of students enrolled in a developmental mathematics course using traditional
instruction (i.e., lecture) with the performance of students enrolled in a course using traditional
methods supplemented with computer-assisted instruction. In addition, gender differences in
mathematical performance were also investigated. The pretest was taken by 113 students (58
enrolled in traditional and 55 enrolled in traditional with CAI). Of these 113 students, 99 took the
posttest (51 enrolled in traditional and 48 in traditional with CAI). An analysis of covariance
(ANCOVA) was conducted to determine if there were significant differences in mathematical
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performance between the two methods of instruction. The covariate was the pretest, the
independent variable was gender, and the dependent variable was the posttest. The study found
that there was no statistically significant difference in the posttest scores of students receiving
traditional instruction and the posttest scores of students receiving traditional instruction
supplemented with CAI. However, there was a significant difference in the posttest scores of
females and males, with females outperforming males in both modes of instruction.
To improve educational practice in developmental courses, instructors must constantly
evaluate interventions and programs, figure out how to use technology and integrate it into
instruction (Spradlin & Ackerman, 2010), incorporate teaching and learning strategies including
learning styles (Higbee &Thomas, 1999; Mireles et al., 2011; Zhu & Polianskaia, 2007),
redesign the content, improve quality and delivery, stimulate learners’ interest, and make
instruction more motivating to learners (Bettinger, Boatman, & Long, 2013; Bonham & Boylan,
2011; Lowery & Young, 1992).

Motivation

Motivation is a critical factor for learning, performance, and success for students who
enroll in online courses (Keller, 1979; Lee, 2000; Visser et al., 2002). Means et al. (1997) cited
studies showing that motivation accounted for 16% to 38% of the variations in overall student
achievement. Although online learning has been growing in recent years, drop-out rates have
been a concern for many higher education institutions (Kim, 2004; Park & Choi, 2009). The
dropout rate is higher for students enrolled in online environments than students enrolled in
traditional classrooms (Meister, 2002; Visser et al., 2002). Several studies have been conducted
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in order to identify or explore factors affecting an online learner’s motivation and the relation
between motivation and a learner’s decision to drop or persist in an online course. The results
showed that a lack of motivation was a major reason students dropped out of their online courses
(Gabrielle, 2003; Kim, 2004; Visser et al., 2002). Therefore, designing motivational instruction
that aligns with learners’ needs is critical to keeping them engaged and focused.

Motivational Design

Motivational design is the “process of arranging resources and procedures to bring about
changes in people’s motivation” (Keller, 2010, p. 22). Because developmental students often
lack motivation (Lowery & Young, 1992), the main goal of motivation design is to improve the
appeal of the instruction, which in turn could improve a student's motivation to learn (Keller,
2010). When applied to a flipped classroom, motivational design may increase focus,
engagement, and motivation among developmental students and may help them become
successful in their studies. Increasing motivation through a well-designed flipped classroom may
positively impact the retention rate of students enrolled in a developmental mathematic course.
Because of low retention rates among online learners, several theories and theoretical
frameworks have been proposed and studied to understand what motivates students in an online
environment and to try to understand why they drop (Rovai et al., 2007). Keller’s ARCS model
is commonly used to assess students in a virtual environment. Established research often shows a
relation between student retention, persistence, and core ARCS principles (Tinto, 2007; Huett et
al., 2008).
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ARCS Motivational Model

The ARCS model (Keller, 1983) of motivational design originated from the macro theory
of motivation and instructional design in 1979 and is grounded in expectancy-value theory
(Keller, 1987a). Expectancy-value theory assumes that “people are motivated to engage in an
activity if it is perceived to be linked to the satisfaction of personal needs (the value aspect), and
if there is a positive expectancy for success (the expectancy aspect)” (Keller, 1987a p. 2). In the
original model, the expectancy and value categories were expanded to include four additional
categories: interest, relevance, expectancy, and outcomes (Keller, 1987a). Later, the original
model transitioned into the ARCS model, and the four categories were renamed as “attention,”
“relevance,” “confidence,” and “satisfaction” (Keller, 1987a). Keller (2010) defined the four
categories as follows:
•

Attention – Capturing the interest of the student and stimulating the curiosity to learn

•

Relevance – Meeting the personal needs/goals of the students

•

Confidence – Helping students believe that they will succeed and control their
success

•

Satisfaction – Reinforcing accomplishment with internal and external rewards

Figure 1 illustrates how the four ARCS elements build and encourage motivation.
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Figure 1: ARCS Motivational Model (Peckham & Fallon, 2004).

The ARCS model is an attempt to synthesize behavioral, cognitive, and affective learning
theories in order to demonstrate that external conditions can influence learner motivation.
Application of the ARCS model entails employing strategies to improve the motivational appeal
of instruction, which should, in turn, translate into improved learner motivation. Given the
relationship between motivation and persistence, Keller (2010) hypothesized that using ARCS
strategies to improve the motivational appeal of instruction would also lead to increased learner
persistence or retention. Keller’s ARCS model has been validated by several studies (Keller,
2010) and has been applied to different learning and design environments. Keller’s ARCS model
is the one of the most “coherent and comprehensive instructional design models accommodating
motivation” (Means et al., 1997 p. 5).
Each category of Keller’s ARCS model has a subcategory with its own strategy that
could be integrated in a flipped classroom environment through the design of instructional
material and creation of motivational learning environment. Table 1 (Keller, 2010) provides each
category with subcategories and process questions.
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Table 1
Keller ARCS Motivational Model: Categories, Subcategories and Process Questions
Categories
Attention

Relevance

Confidence

Subcategories
A1. Perceptual
arousal

Process questions
What can I do to capture their interest? Create curiosity
and wonderment by using novel approaches, injecting
personal and/or emotional material.

A2. Inquiry arousal

How can I stimulate an attitude of inquiry? Increase
curiosity by asking questions, creating paradoxes,
generating inquiry, and nurturing thinking challenges.

A3. Variability

How can I maintain their attention? Sustain interest by
variations in presentation style, concrete analogies, human
interest examples, and unexpected events.
How can I best meet my learner’s needs? (Do I know their
needs?) Provide statements or examples of the utility of
the instruction, and either present goals or have learners
define them.

R1. Goal
Orientation

R2. Motive
matching

How and when can I link my instruction to the learning
styles and personal interests of the learners? Make
instruction responsive to learner motives and values by
providing personal achievement opportunities,
cooperative activities, leadership responsibilities, and
positive role models.

R3. Familiarity

How can I tie the instruction to the learners’ experiences?
Make the materials and concepts familiar by providing
concrete examples and analogies related to the learners’
work or background.
How can I assist in building a positive expectation for
success? Establish trust and positive expectations by
explaining the requirements for success and the evaluative
criteria.

C1. Learning
Requirements

C2. Success
Opportunities

How will the learning experience support or enhance the
learners’ beliefs in their competence?
Increase belief in competence by providing many, varied,
and challenging experiences that increase learning
success.
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Table 1 (cont.)
Categories
Confidence
(cont).

Subcategories
C3. Personal
Control

Satisfaction S1. Intrinsic
Reinforcement

S2. Extrinsic
Rewards

S3. Equity

Process questions
How will the learners clearly know their success is based
upon their efforts and abilities?
Use techniques that offer personal control (whenever
possible), and provide feedback that attributes success to
personal effort.
How can I encourage and support their intrinsic
enjoyment of the learning experience? Provide feedback
and other information that reinforces positive feelings for
personal effort and accomplishment.
What will provide rewarding consequences to the
learners’ successes? Use verbal praise, real or symbolic
rewards, and incentives, or let learners present the results
of their efforts (‘‘show and tell’’) to reward success.
What can I do to build learner perceptions of fair
treatment? Make performance requirements consistent
with stated expectations, and use consistent measurement
standards for all learners’ tasks and accomplishments.

Attention. As Keller’s first category, attention is a critical element for motivation and
essential for any “learning to take place” (Keller, 2010 p. 92). Attention addresses the question of
“how to stimulate and sustain learners’ attention?” (Keller, 2010 p. 76) and is a good strategy to
help engage students, keep them focused, and gain and sustain their attention. According to
Keller (2010), there are three strategies for gaining students’ attention. First, teachers can use a
surprising event, humor, or curiosity to introduce the material. Second, teachers can arouse
inquiry curiosity by asking questions or presenting scenarios for students to solve.
Relevance. The second category, relevance, refers to “to people’s feelings or perceptions
of attraction toward desired outcomes, ideas, or other people based upon their own goals,
motives, and values” (Keller, 2010, p. 98). In short, relevance tries to address the question of
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“Why should I have to study this?” (Keller, 2010, p. 97). The relevance strategy motivates
learners through goal orientation, motive matching, and familiarity. Teachers align instruction
material to their future goals, and they match motives when learners perceive that the
instructional materials are meaningful and are relevant to their personal goals and interests.
Finally, teachers can make the material familiar by connecting new materials to the learners’
previous experiences. Relevance-enhancing strategies are effective when designing and
improving instructional materials, and these strategies increase the motivation and achievement
of learners (Means et al., 1997). Students are less likely to drop a course if the content is relevant
to their own lives, interests, and goals (Park & Choi, 2009).
Confidence.The third category, confidence, is defined as “helping the learners believe
and feel that they will succeed and control their success (Keller, 1987a, p. 2). Confidence is an
important element of motivation (Keller, 2010) that could impact learners’ persistence and
achievement. Confidence building strategies include clearly stating objectives so learners know
exactly what is expected of them, enabling learners to experience success, and allowing learners
to credit success to their personal efforts. Online instructional material should provide learners
with the opportunity to control their learning environment. For example, students should be
allowed to watch videos at their own pace. Finally, several studies have used Keller’s ARCS
model as a confidence building strategy to improve learners’ motivation and achievement
(Gabrielle, 2003; Huett et al., 2008b; Visser, 1998).
Satisfaction. Satisfaction is the last category in the model and refers to the “positive
feeling that the student experiences when completing a task (Alhassan, 2014). According to
Keller (2010), once students achieve the first three motivational goals (attention, relevance, and
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confidence), they will be motivated to learn. If the students perceive some satisfaction with their
learning experiences, motivation will be sustained, and they will be less likely to drop a course
(Park & Choi, 2009). The first satisfaction strategy, which uses intrinsic reinforcement through
positive feedback or praise about a task, is one of the most critical elements of satisfaction
(Keller, 2010) because if students feel positive about their achievement, then they will be more
motivated to learn and eventually will complete the course. The second strategy for satisfaction
is extrinsic rewards, such as motivational feedback, recognition and tangible rewards, which will
increase motivation and satisfaction for students to persist in their tasks (Park & Choi, 2009).
The third satisfaction strategy is equity. Instructors need to consistently measure all the students’
accomplishments.
Several studies have used Keller’s ARCS model to enhance relevance (Means et al.,
1997), confidence, performance (Huett et al., 2008b), motivation, and retention of online learners
(Huett et al., 2008a).
A study by Means et al. (1997) examined the cognitive effects of motivation and its
results primarily from the viewpoints of students and their assessment of the relevance of what is
being learned, that is, whether the ideas being studied are meaningful and whether they fulfill the
their goals. The study compared the effects of intrinsic relevance (material fulfilling a purpose or
need of the learner) with embedded, extrinsic relevance-enhancing strategies based on the ARCS
model. Upper-division undergraduate students (N=100; 60 women and 40 men), half enrolled in
a statistics class and half in a human physiology class, were paid to participate in this study
involving a lesson on the human heart. This study employed two independent variables: intrinsic
relevance of materials being studied and an extrinsic motivational enhancement to the
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instructional materials. Studying instructional materials on the human heart was expected to be
more intrinsically relevant for students who were enrolled in the physiology class, than for
students in a statistics class, for whom the materials were irrelevant to the course requirements.
Extrinsic relevance referred to the embedding of relevance-enhancing strategies in the
instructional materials. The findings indicated that students who found the instruction relevant
had higher levels of motivation and performance than students who found the material irrelevant.
Similarly, a study conducted by Huett et al. (2008b) focused on whether emails could
target and improve confidence and whether improvements in confidence would translate into
performance gains. This experiment used SAM Office 2003 and WebCT for the delivery of the
tactics, strategies, confidence-enhancing e-mails, and course content. The subjects in this study
were undergraduate students enrolled at a Texas university. Subjects were enrolled in multiple
sections of an online, freshman-level, for-credit computer course. All enrolled participants in all
sections were combined into a single pool and then were randomly assigned to either the
treatment or control group in WebCT and SAM Office 2003. The initial sample consisted of 81
students (treatment n = 41; control n = 40) and included 37 males (treatment n = 18; control n =
19) and 44 females (treatment n = 23; control n = 21). Ages ranged from 18 to 31 years. Studentreported ethnicities were consistent with university-reported demographic information about the
campus undergraduate population as a whole. The findings indicated that students in the
treatment group did not find the designed tactics especially confidence-enhancing. However,
with regards to performance, data showed that the students in the treatment group outperformed
the control group on the posttest measure for this particular study.
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Huett et al. (2008a) examined the use of ARCS-based motivational mass e-mail messages
to improve the motivation and retention of students enrolled in online courses. The study argued
that simple, cost-effective, and easy-to-design mass e-mail messages show potential for
addressing some of the motivational needs and retention concerns of online students. The study
examined 153 students in three sections of a required entry-level computer applications course at
a Texas university. An online section was used as a control group, and another online section
was treated with several simple, mass-mailed motivational e-mails throughout the semester. The
quantitative research findings indicated a statistically significant group difference in every
measure of motivation (attention, confidence, and satisfaction) except relevance. The authors
indicated that motivational e-mail messages may be part of the necessary structure needed to
support online learners’ engagement and persistence.
Gabrielle (2003) studied the effect of using new technologies to efficiently deliver
instructional strategies as supplementary course content using the ARCS model for motivation
and performance. The subjects in this study were randomly-selected, undergraduate students (n =
784) representing approximately 20% of the population at the academy. A total of twelve courses
were selected for the treatment and control, in a balanced design where each instructor had
randomly assigned treatment sections and control sections (48 sections). Within these courses,
students in each section had identical syllabi and took identical examinations. Instructors were
not informed of which sections were treatment group and which sections were control group.
The students were randomly divided into control and experimental groups for each of 16
instructors. The within-subjects research design used a mixed-method approach involving both
quantitative and qualitative data. Students completed four surveys to assess their motivation and
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self-directed learning: (1) the Course Interest Survey (CIS), developed by John Keller; (2) the
Instructional Materials Motivation Survey (IMMS), developed by John Keller; (3) The SelfDirected Learning Readiness Scale (SDLRS), developed by Lucy Guglielmino, and; (4) The
Self-Directed Learning (SDL) survey, developed for this study to track experimental group
students’ participation and perceptions of the strategies. Each Technology-Mediated Instructional
Strategies (TMIS) consisted of three basic components: (1) motivational messages at the
beginning and end of each strategy; (2) supplementary instructional content, and; (3) the SDL
survey to track participation and perceptions. Keller’s ARCS model of motivational design was
used in the design and development of TMIS. The quantitative research findings indicated that
there were significant differences in academic performance between those students who accessed
the technology-mediated instructional strategies (TMIS) and those who did not access the
strategies. There were also significant group differences in motivation as measured by the CIS
and the IMMS. Qualitative data were very insightful as to how beneficial students perceived the
strategies. Most students provided highly positive comments though a handful of comments were
negative, particularly with regard to frustration about using the technologies. This intervention
showed technology-mediated instructional strategies could be effective means of improving
motivation in a flipped classroom environment.
In a quasi-experimental study, Alhassan (2014) investigated the use of project-based
learning and the ARCS model as an intervention to measure its impact on students’ achievement
and motivation to acquire the necessary database applications skills at the secondary level.
Alhassan’s study was based on a pre- and post-tests for two groups of students. A sample of 65
students was chosen and divided into two classes of the second secondary grade were selected,
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one to be the experimental group and the other representing the control group. The database
programs were explained to the students in the control group using traditional teaching methods,
and students in the experimental group were taught using project-based learning strategies. In
addition, the ARCS model was applied to the subject matter, making the database sections of the
book more attractive and relevant to the students by including real-life examples.
For the first research question, Alhassan (2014) designed a pre- and post-curriculum test
which consisted of 20 items for both the experimental and control groups. The test measured the
extent of students’ comprehension of the database concepts, and of the Access program. For the
second research question, Alhassan (2014) collected data using a motivation measurement called
subject-matter motivation measure, which was designed by Keller (2000). It consists of 36
ordinal response items, with response options ranging from “not true” to “completely true.”
The results pertaining to the first research question showed that the students in the
experimental group, who used the project-based learning method, achieved higher grades on the
database applications achievement test than the control group students.
The results pertaining to the second research question showed statistically significant
differences between the experimental and the control group in motivation towards learning in
favor of the experimental group.
These findings are consistent with previous studies that demonstrated the use of the
ARCS model to design and develop strategies led to improved learner motivation, which in turn
could lead to an improvement of performance or achievement (Gabrielle, 2003; Huett et al.,
2008a; Huett et al., 2008b; Lin 2009; Means et al., 1997; Park & Choi, 2009; Song & Keller,
2001).
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Flipped Classroom

Traditionally, teachers have lectured in class and students have engaged in activities at
home. Conversely, in a flipped classroom, students watch a video lecture recording before class
and work in class through active learning activities with their peers or instructor. One critical part
of the flipped classroom is the use of educational technology (i.e., recorded video lectures that
independently engage and introduce students to course content on their own time and at their
own pace outside the classroom). The other critical part of the flipped classroom is in-class
activities which promote active learning and problem-solving. In addition, in-class activities
allow students to participate in their own learning and build confidence, which in turn enhances
and improves performance and learning (Strayer, 2012; Tune et al., 2013). Both components are
critical and essential to flipping classrooms because they shift the focus from instructor-centered
to learner-centered environments where the teacher becomes a facilitator.

Flipped Classroom: History

In 2000, Lage et al. wrote an article in which they referred to the "inverted classroom" as
an early model of the flipped classroom. The concept of the inverted classroom was similar to
the flipped classroom in the sense that students viewed lectures outside of class and worked on
homework assignments in class, which increased classroom interaction amongst students and
instructors. Later, in 2004, Khan, a former hedge fund analyst, began tutoring his cousin by
recording mathematics videos over the internet (Khan, 2012). When his relatives and friends
required similar help, he published tutorials on YouTube. In 2006, he created Khan Academy,
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which provided video lectures on YouTube, and these lectures are still used today by educators
in flipped classrooms.
Finally, in 2007, two founders of the flipped classroom model, Sams and Bergmann, used
live video recording software to record their chemistry lectures for absent students at Woodland
Park High School in Colorado. According to Bergmann (2011):
In the spring of 2007 Aaron was thumbing through a technology magazine and showed
me an article about some software that would record a PowerPoint slideshow including
voice and any annotations, and then it converted the recording into a video file that could
be easily distributed online . . . We posted our lectures online so our students could
access them . . . We were spending inordinate amounts of time re-teaching lessons to
students who missed class, and the recorded lectures became our first line of defense. (p.
1)
In 2012, Sams and Bergmann created the non-profit Flipped Learning Network (FLN),
which provides educators with resources to learn or implement the flipped classroom model.
Sams and Bergmann (2012) argued that educators who integrate innovative or emerging online
learning technologies need to be thoughtful on the implementation and use of the technology.

Flipped Classroom: Learning Theories

The flipped classroom model is grounded in several pedagogical and learning theories. It
draws on Piaget’s theory of active learning, Bloom’s taxonomy of cognitive learning, and
Vygotsky’s theory of the zone of proximal development. Piaget (1977) emphasized that learning
occurs when learners are active constructors rather than passive receivers in their environment
while Bloom provided a framework for comparing the traditional class to the flipped classroom
and Vygotsky deemphasized imitation in favor of the development of higher psychological
functions.
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The application of Bloom’s revised taxonomy requires educators to focus on higher
order thinking skills during class time and lower thinking skills outside of class (Honeycutt &
Garrett, 2014). Bloom's revised taxonomy seeks to create a holistic framework in which higher
levels of learning depend upon first attaining lower level knowledge and skills. The traditional
“lecture” classroom model places more emphasis on Bloom’s lower level thinking skills, such as
remembering, understanding, and applying, while the flipped classroom model emphasizes
Bloom’s higher level thinking skills, such as analyzing, evaluating, and creating.
In addition, the flipped classroom model is also rooted in constructivist learning theories,
and has been recognized as adapting and promoting the active learning concept (Pierce & Fox,
2012); active learning is the goal of the flipped classroom (Bergmann & Sams, 2012). Active
learning is generally defined as any instructional method that engages students in the learning
process (Prince, 2004). Students are seen as “constructors as opposed to recipient[s] of
knowledge” (Januszewski & Molenda, 2008, p. 4). Active learning is about utilizing instructional
activities and “involving students in doing things and thinking about what they are doing”
(Bonwell & Eison, 1991, p. 1).

Flipped Classroom: Research

Most of the research on flipped classrooms shows a positive effect in courses such as
business, chemistry, nursing, statistics, engineering, and physics, and has focused on academic
performance (Davies et al., 2013; Love et al., 2014; Mason et al., 2013; Missildine et al., 2013;
Rudick, 2012; Strayer, 2007), learning enhancement and promotion (Schwartz, 2014; Zappe et
al., 2009), student satisfaction with the learning environment (Butt, 2014; Bland, 2006; Davies et
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al. 2013; Haden et al., 2009), student engagement and perceptions (Findlay-Thompson &
Mombourquette, 2014; Lage et al., 2000; Strayer, 2012), and promotion of active learning
(Jamaludin & Osman, 2014).
A study by Strayer (2012) compared the learning environments of an inverted
introductory statistics class with a traditional introductory statistics class at the same U.S.
university. The typical student at this university was a middle-class white American from the
Midwest. Strayer (2012) regularly took field notes on the participants’ words and actions to use
as his data. He recruited researchers to help collect data based on classroom observations during
the middle and towards the end of the semester. Other data were collected during selected class
sessions using sound recordings. Three members of the data-collection team conducted one-onone and focus group interviews at the end of the semester. Strayer (2012) found that, in general,
students in the inverted class were more willing to work together and engage in classroom
activities than the students in the traditional classroom. Students in the inverted classroom
exhibited a desire to explain concepts to other students. Moreover, students in the inverted
classroom preferred more innovation in the classroom, and they reported that they experienced
more innovation in the classroom when compared with the traditional students.
In a similar study, Tune et al. (2013) examined the effectiveness of a traditional lecturebased curriculum versus a modified “flipped classroom” curriculum of cardiovascular,
respiratory, and renal physiology delivered to first-year graduate students. There were 27
participants, 14 of them were enrolled in either mammalian physiology or cardiovascular, renal,
and respiratory function in health, and 13 of them were enrolled in the disease course. In this
study, students in both courses – traditional and flipped classroom - were provided the same
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notes and recorded lectures. Students in the modified flipped classroom were required to watch
the prerecorded lectures before class, and they received a quiz or homework related to the lecture
in class. After this, they had a question and answer or problem-solving period. In the traditional
curriculum, attending lectures was optional and there were no quizzes. The results showed that
flipped model appeared to have strong positive effect on overall student performance. In
addition, the findings showed that the use of homework and in-class quizzes, problem-solving,
and classroom discussions were a critical motivating factor that likely contributed to better
student participation in classroom discussion and ultimately to increased student performance.
However, the authors were not able to determine whether the better performance in the flipped
course was due to 1) increased studying, 2) added value of discussions and problem solving,
and/or 3) a combination of both of these factors. Additionally, students were not overly
enthusiastic about this approach; however, the authors were encouraged that student perceptions
were slightly more favorable at the end (relative to the beginning) of the course.
Findlay-Thompson & Mombourquette (2014) conducted a study that compared the
academic outcomes between three sections of students enrolled in either a flipped or a traditional
lecture-style classroom. In addition, it analyzed student opinions regarding their views of a
flipped classroom environment. The three sections were of an identical business class that was
taught in the fall 2012 semester. Two of the classes were traditional lecture-style and the third
was taught using the flipped classroom style. The flipped classroom section had 30 students
between the ages of 18 and 24 years. One traditional classroom had 42 students registered, of
whom 37 were between the ages of 18 and 24 years. The other traditional section had 36 students
registered, of whom 28 were between the ages of 18 and 24 years. Students were given the same
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course outline in each section including assignments, quizzes, and exams with identical
weightings for each activity. After the semester was completed and final grades had been
published, students in the flipped classroom were interviewed.
The authors found that there were no grade differences between the flipped class and the
two traditional classes. However, students in the flipped classroom did report that they felt they
did better even though there was no quantitative evidence in the grade results to support their
claims.
A descriptive quantitative study by Jamaludin & Osman (2014) used Reeve’s (2013)
four-aspect conceptualization regarding student engagement (i.e., behavioral, emotional,
cognitive, and agentic) to promote active learning in a flipped classroom. Jamaludin & Osman
(2014) used a structured questionnaire based on Reeve (2013). The instrument used Likert items
with seven response categories that ranged from “strongly disagree” to “strongly agree.” The
participants of this study were 24 undergraduate TESOL students in an instructional design
course at the Universiti Sains Malaysia, a premier public institution of higher learning.
Jamaludin and Osman’s (2014) study showed that emotional engagement (M = 5.79, SD
= 1.02) had the highest score, followed by behavioral engagement (M = 5.62, SD = 0.69),
cognitive engagement (M = 5.61, SD = 1.02), and agentic engagement (M = 5.1, SD = 1). This
study also revealed that emotional engagement is one of the most important factors for active
learning to occur. Finally, their study showed the use of a flipped classroom to enhance student
engagement did promote active learning during activities both inside and outside of class.
A study conducted by Davies et al. (2013) examined the effectiveness and feasibility of
flipping a college course designed to teach introductory spreadsheet skills when compared to the
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traditional classroom approach. Davies et al. (2013) used a pre-test post-test quasi-experimental,
mixed-method design to determine any differences in student achievement that might be
associated with the instructional approach. In addition, the scalability of each approach was
evaluated along with students’ perceptions of these approaches to determine the effect each
intervention might have on a student’s motivation to learn. The researchers conducted the study
in an introductory MS Excel class taught by the Information Systems Department in the Marriott
School of Management at Brigham Young University during the winter semester of 2012; the
course was divided into two 5-week terms. The sample included 301 undergraduate students, and
207 participants completed at least some elements of the data collection. Of these, 190 completed
both the pretest and posttest opinion surveys, and 92 completed all five of the weekly efforttracking surveys. Both the pretest and posttest MS Excel assessments were completed by 188
participants.
The results showed that the flipped approach was better than the regular approach for
delivering course content, but not significantly better. In addition, the flipped classroom
approach provided a method for delivering the class content that was both scalable and effective.
Based on course assessments, students not only made greater academic gains but also were more
satisfied with the learning environment.
However, a study by Missildine et al. (2013) that aimed to determine the effects of a
flipped classroom and innovative learning activities on academic success and the satisfaction of
nursing students showed that students were less satisfied with the flipped classroom method than
with either of the other methods in their study: 1) traditional lecture and 2) lecture and lecture
capture back-up. In addition, students reported that the flipped classroom method approach
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required more work, and they did not seem to perceive the value of interactive learning
approaches. The study was limited by problems of infrastructure, including classroom
availability and limited access to high-speed Internet by rural students. Finally, innovative
teaching methods were developed by faculty using a guide common to the two adult health
courses, but inevitable variations in faculty approach may have affected student outcomes.

Summary

Currently, higher education institutions are facing the challenge of low motivation
(Moore, 2007), achievement, and retention (Bonham & Boylan, 2011) for students who enroll in
developmental college algebra courses. This review of literature provides valuable information
concerning the motivation and retention of online students. Overall, results of the reviewed
research suggest that attention, relevance, confidence, and satisfaction should be considered
when designing instruction. Several studies have shown that motivation is one of the most
frequently studied variables in relation to students dropping out (Park & Choi, 2009). More and
more higher education institutions are trying to identify methods that motivate and retain online
students. Furthermore, several studies support using the ARCS model for developing and
addressing the motivational needs and performance concerns of online students while assessing
motivational factors.
This research will focus on addressing a possible gap in current literature in regards to
flipped classrooms and the ARCS model and how this model may impact motivation and
mathematics achievement. In a flipped classroom, harnessing technology has the potential to
enhance learning and improve performance. Therefore, the content of the instruction needs to be
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carefully organized to make it “meaningful, comprehensible, memorable and appealing”
(Januszewski & Molenda, 2008, p. 30), and motivating. Furthermore, this study will broaden the
scope of Keller’s ARCS Model framework since few studies have examined how this model
could help improve the motivational appeal of the instructional materials (Keller, 1987a).

CHAPTER 3

METHODOLOGY

The objective of this chapter is to present the methodology that was used to design the
study. The sections included in this chapter include introduction, research questions and
hypotheses, research design, setting, participants, procedures, instruments, ethical considerations,
data collection procedures, data analysis, and summary.

Introduction

The purpose of this study was to examine the effect of a flipped classrooms learning
environment on mathematics achievement and motivation. The study compared community
college developmental algebra students in a flipped classroom environment versus those enrolled
in traditional classroom environment during the spring 2016 semester. In the traditional class
section, the instructor lectured in the classroom and students did problem-solving exercises at
home. In the flipped class section, the instructor created online videos of his lectures, and
students viewed them and took a short quiz prior to attending class. Students in the flipped
classroom then worked on problem-solving activities in class. Results from this study may
inform pedagogical practices in developmental mathematics education and could eventually lead
to improvement in student success rates.
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Research Questions

This research addressed the following questions:
1. What is the effect of a flipped classroom on mathematics achievement of community
college students enrolled in a developmental algebra course?
2. What is the effect of a flipped classroom on motivation of community college students
enrolled in a developmental algebra course?
3. Is there a relationship between motivation level and mathematics achievement among
students enrolled developmental college algebra courses at a community college?
4. Does the type of classroom (flipped vs. traditional) moderate the relationship between
motivation and mathematics achievement success for students enrolled in developmental
college algebra courses at a community college?

Research Hypotheses

The following were the primary hypotheses of this study:
1. There are no differences in mathematics achievement between the traditional classroom
and flipped classroom, after controlling for math placement test score.
2. There are no differences in motivation between the traditional classroom and the flipped
classroom, after controlling for ATMI score.
3. Motivation level does not predict mathematics achievement.
4. The relationship between motivation level and mathematics achievement does not differ
by class type (traditional vs. flipped classroom).
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Research Design

The research design was quasi-experimental. Students enrolled in developmental college
algebra were not randomly assigned to an intervention or a comparison group; they were
“naturally formed groups” (Creswell, 2014). This design included the following groups:
1. Intervention group: Students (n = 22) were taught developmental college algebra using a
flipped classroom method.
2. Comparison group: Students (n = 24) were taught developmental college algebra using
the traditional method.
This quantitative study included independent and dependent variables. The independent
variable was the method used to teach developmental college algebra. The dependent variables
included the overall motivation scores as measured by the Course Interest Survey (CIS) and
Instructional Motivational Materials Survey (IMMS) instruments and mathematics achievement
as measured by the scores from the mid-term exam during the spring 2016 semester.

Setting

The study was conducted at a comprehensive two-year community college located in
Chicago’s northwest suburbs that had approximately 25,000 total credit enrollment and
approximately 8,000 continuing education non-credit students. The research site is one of the
largest community colleges in Illinois and offers 111 certificate programs, 41 Associate of
Applied Science degree programs, 7 associate/transfer degree programs, and accelerated degree
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options for adults and developmental education programs. The In-district tuition is $110.25 per
credit hour.
In fall 2014, the gender distribution of the student population was 55% female and 45%
male. The age distribution was characterized by 13% of students who were 18 years of age or
younger, 51% who were between the ages of 19 and 24 years, and 36% of students were older
than 25 years. The college had the following ethnicities among its student population: Caucasian
(56%), Hispanic (22%), Asian (11%), African-American (5%), and other (6%). This community
college was chosen for the study out of convenience. The mathematics department was chosen
based on the success rate for developmental math, which has remained steady over the past two
years. The college’s current success rate of 53.8% is below the peer group average of 54.8% and
just above the 2016 target range of 52.0% to 53.0%. The college’s success rate is currently below
the 2014 national median of 57.6%. In addition, more than 40% of first-time, full-time freshmen
from the feeder high school districts need remedial instruction. Furthermore, the choice of this
particular mathematics department was based on its willingness to implement the flipped
classroom pedagogical method in developmental college algebra courses and the faculty’s
willingness to participate in this study. Data were collected from two different Intermediate
Algebra (MTH 080) courses, one using a traditional classroom and the other using a flipped
classroom.

Participants

This research study used a convenience sample. Based on maximum capacity of each
section of Intermediate Algebra (MTH 080), a total of 50 students were asked for their consent
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prior to participating in this research study during the spring 2016 semester. However, due to
students dropping out for various reasons and without notice, the final number of students who
participated was N=46. All participants were students who enrolled in a developmental algebra
class and who were taught using either a traditional or flipped classroom method at a Midwest
community college. Students chose whether they enrolled in the traditional or flipped classroom.
Each section of the developmental algebra class (MTH 080) was taught by the same instructor;
students had access to the same resources and were evaluated using the same methods:
homework, quizzes, in-class assignments, MyMathLab assignments, mid-term, and final exam.
Students in this study have either passed the previous developmental algebra course (MTH 060)
or equivalent with a grade of C or better or placed directly into this course based on the scores of
their COMPASS Math placement test. The results of the COMPASS Math placement test
determined which math course (MTH 055, MTH 060, MTH 080, or MTH 082) a student was
eligible to enroll in at the college (see Figure 2).

Figure 2: Academic Placement Summary: Developmental Math Placement
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Procedures

Intermediate Algebra Course Description. Intermediate Algebra (MTH 080) is a
continuation of the Beginning Algebra (MTH060) course and introduces fundamental concepts
of algebra including rational expressions, complex numbers, and functions that are polynomial,
rational, exponential or logarithmic. In addition, Intermediate Algebra (MTH 080) emphasizes
mathematical reasoning and problem solving utilizing multiple approaches (algebraic, geometric,
and numeric techniques) with focus on mathematical definitions, theorems, symbols and
notations. Credits earned in this course are not applied toward an Associate in Arts in Science
degree and carry no transfer credit. One section of Intermediate Algebra (MTH 080) was taught
using flipped classroom and the other one was taught using the traditional method. The course
syllabus is provided in Appendix A.
The flipped classroom section. One critical part of the flipped classroom is the use of
educational technology (i.e., recorded video lectures that independently engage and introduce
students to course content on their own time and at their own pace outside the classroom). The
other critical part of the classroom flip is in-class activities that promote active learning and
problem-solving. Both components are critical and essential to flipping classrooms because they
shift the focus from instructor-centered to learner-centered environments where the teacher
becomes a facilitator. The Intermediate Algebra (MTH 080) course met four times a week for
four hours. If needed, learning centers on campus, instructor’s office hours, and tutors provided
students with support and helped them with their learning needs.
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Outside class activity. Prior to coming to class, students gained exposure to content by
watching online videos. The instructor was responsible for creating the content using Camtasia
software and a Tablet PC, and the content had to be designed for an online learning environment.
The online videos included audio of the instructor explaining the course material along with a
live screen capture of his writing on the tablet. The videos were posted on YouTube and
accessible to all students. Some videos might have included questions or checkpoints to assess
the students’ understanding of the content. Outside class activities provided opportunities for
students to take ownership of their learning experience. Watching video lectures on their own
time and pace helped promote positive expectations and helped facilitate learning. The
MyMathLab software was used as a learning tool for homework (see Appendix I).
In-class activity. In class, students applied concepts they viewed and learned outside the
class and interacted with their peers on problem-solving activities built on video content. The
class session was held in a computer lab with an instructor present. Attendance at the lab was
mandatory. Students were able to ask questions and received immediate instructor feedback. The
in-class activities helped enhance learning and deepen the knowledge gained outside the class.
During face-to-face instruction, the instructor served as a coach and mentor to “simulate and
challenge their thinking” (McLaughlin et al., 2014). The same instruction, examples, practice
tests, and assessments used in the flipped classroom environment were used in the traditional
classroom.
The traditional method classroom section. Traditionally, teachers lecture in the
classroom and students do homework at home. The traditional Intermediate Algebra (MTH 080)
section was face-to-face and met twice a week for a total of four hours. The students gained
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exposure to the content via lecture while in class. The lab activity was incorporated into the faceto-face class sessions; thus there was not any separate lab activity in a computer lab with the
instructor. Similar to the flipped classroom method, the MyMathLab software was used as a
learning tool for homework. If needed, learning centers on campus, instructor’s office hours, and
tutors provided students with support and helped them with their learning needs.

Instruments

Three quantitative instruments were used for collecting data and measuring motivation;
they included the CIS, IMMS, and ATMI. The CIS, designed by Keller and based on the ARCS
model (Keller, 2010) measured students’ reactions and motivation to instructor-led instruction
with 34 ordered category items. The IMMS, also developed by Keller and based on the ARCS
model (Keller, 2010), measured reactions and the motivational effect of self-directed e-learning
instructional materials with 36 Likert-type items. These two surveys were administered using
paper and pencil format. Prior to using the CIS and IMMS, the researcher first asked for
permission from the instruments’ author. After obtaining permission from the author to use CIS
and IMMS, the researcher slightly modified the IMMS to reflect some changes in vocabulary to
accommodate online instructional materials, using Keller’s instructions for customizing the
survey without changing the basis of the original. For example, the term instructional material
was used instead of page. The organization of items into subscales was identical to the original
IMMS instrument. Finally, the adapted Attitudes Toward Mathematics Inventory (ATMI)
instrument - motivation subscale only - was used to measure students’ attitudes toward
mathematics. The researcher asked for permission from the author prior to using the instrument.
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Course Interest Survey (CIS). The goal of the CIS was to assess how motivated
students are, were, or expected to be in a particular course or subject (Keller, 2006).
Additionally, the CIS measured students’ reactions and motivation to instructor-led instruction
(Keller, 2010). The format of the CIS can be modified to use ordered-category items and
electronic scoring methods to gauge the responses of the participants. The CIS (see Appendix B)
survey has 34 items with approximately equal numbers of items in each of the four ARCS
categories. The subscales include attention (8 items), relevance (9 items), confidence (8 items),
and satisfaction (9 items). Each of the four subscales can be used and scored independently. The
response scale for each item ranges from 1 = “not true” to 5 = “very true.” The composite score
for the instrument is computed as the sum of the item scores, with a minimum score of 34 and a
maximum score of 170 (Keller, 2010). The CIS instrument was designed to assess situation
specific measures of motivation (Keller, 2010). Keller (2006) established reliability and validity
evidence for scores obtained from the CIS. The values of Cronbach’s alpha from Keller’s work
are presented in Table 2. Prior reliability evidence for scores from the CIS using Cronbach's
alpha showed that scores from each of the five components (attention, relevance, confidence,
satisfaction) and the ARCS total score each had a reliability coefficient greater than .80
(Gabrielle, 2003).
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Table 2
CIS Reliability Estimates

Scale

Reliability
Estimate
(Cronbach’s α)

Attention

.84

Relevance

.84

Confidence

.81

Satisfaction

.88

Total scale

.95

Instructional Materials Motivation Survey (IMMS). Similar to the CIS, the goal of the
IMMS was to find out how motivated students are, were, or expected to be in a particular course
(Keller, 2006). Additionally, the IMMS measured students’ reactions and motivational effect of
self-directed e-learning instructional materials (Keller, 2010). The format of the IMMS can be
modified to use ordered-category items and electronic scoring methods to gauge the responses of
the participants. The IMMS (see Appendix C) has 36 items within four ARCS categories. The
subscales include attention (12 items), relevance (9 items), confidence (9 items), and satisfaction
(6 items). Each of the four subscales can be used and scored independently. The response scale
for each item ranges from 1 = “not true” to 5 = “very true.” The composite score for the
instrument is computed as the sum of the item scores, with a minimum score of 36 and a
maximum score of 180 (Keller, 2010). Several studies have supported the validity of scores
obtained from the full or modified version of the IMMS (Cook, Beckman, Thomas, &
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Thompson, 2009; Huang, Huang, Diefes-Dux, & Imbrie, 2006; Loorbach, Peters, Karreman, &
Steehouder, 2015; Pittenger & Doering, 2010). Regarding reliability of the scores, the values of
Cronbach’s alpha from Keller’s work are presented in Table 3. Prior reliability evidence for
scores from the IMMS using Cronbach's alpha showed that scores from each of the five
components (attention, relevance, confidence, satisfaction) and the ARCS total score each had a
reliability coefficient greater than .80 (Gabrielle, 2003).

Table 3
IMMS Reliability Estimates
Reliability
Estimate
Scale
(Cronbach’s α)
Attention

.89

Relevance

.81

Confidence

.90

Satisfaction

.92

Total scale

.96

Attitudes Toward Mathematics Inventory (ATMI). The goal of the ATMI was to
measure students’ attitudes toward mathematics (Tapia & Marsh, 2004). The ATMI has 40 items
within four subscales. The subscales include self-confidence (15 items), value of mathematics
(10 items), enjoyment of mathematics (10 items), and motivation to learn mathematics (5 items).
The instrument consisted of Likert items with response options ranging from 1 = “strongly
disagree” to 5 = “strongly agree.” Tapia and Marsh (2004) established reliability and validity
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evidence from scores obtained from the ATMI. The ATMI had an internal consistency of .97.
The values of Cronbach alpha for the subscales were .95 (Self-confidence), .89 (Value), .89
(Enjoyment), and .88 (Motivation). Several studies have provided validity evidence for the
ATMI or shortened version of the ATMI instrument (Guy, Cornick, & Beckford, 2015; Fisher,
Schack, Thomas, Jong, Eisenhardt, Tassell, & Yoder, 2014; Lim & Chapman, 2013). For this
study, the researcher was only interested in the motivation subscale to measure students’ interest
in mathematics and their desire to pursue studies in mathematics.
Open-Ended Questions. In addition to completing the surveys, students in the
intervention group were asked to answer three open-ended questions. The goal of the open-ended
questions was to expand the researcher’s knowledge about flipped classrooms from a student’s
perspective, give students the opportunity to provide feedback, and to gain an understanding of
student reactions and perceptions regarding flipped classrooms.

Ethical Considerations

The Institutional Review Board (IRB) application was submitted through the Northern
Illinois University Office of Research Compliance and Integrity Review. This study exposed
participants to no more than a minimal risk. The IRB process also was completed at the
participating community college. The researcher worked with the Institutional Research (IR)
Department at the college to ensure that participants’ identity and data was carefully stored and
protected. Confidentiality was a critical factor regarding the ethical conduct of the researcher.
Data was downloaded and stored on the IR network drive, fully protected with a secured
password, and on the researcher’s local machine. No one had access to the data except the
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researcher. The surveys were administered at the end of the 8-week period during the spring
2016 semester using paper and pencil format, which allowed the survey results to come directly
to researcher. The researcher explained the surveys and research goals to the participants. In
addition, participants were notified that participation in this study was voluntary with no risk of
prejudice or penalty in case of a withdrawal.

Data Collection

This research took place at a community college in Northwest Illinois. During spring
2016, the researcher collected the data for this study at the end of week-8 period. The first step
was to apply for approval from the Institutional Review Board (IRB) at Northern Illinois
University and the participating community college. After approval from the Institutional
Review Boards, the participants’ consent form, student demographic information (age and
gender), and pre-course survey ATMI - motivation subscale only - were administered using a
paper and pencil format during class time at the beginning of the spring 2016 term. First,
students were asked to sign the consent form; then they were asked to fill out the demographic
information questionnaire and ATMI survey. The CIS and modified IMMS was administered
using a paper and pencil format during class time as well at the end of the 8-week period (midterm) to gather student motivation data about instructor-led course and self-directed e-learning
instructional materials. In addition, students in the intervention were asked to answer three openended questions at the end of the surveys. All students were encouraged to participate in the
research study, however they were allowed to decline if they wanted to. The researcher rewarded
students who completed the survey and participated in the study by giving them gift cards as
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incentive. In addition, students who chose to participate in the study were given extra credit (5
points) by the instructor for class participation at the beginning of the term. For students who
elected not to participate, they were asked to do an extra activity (homework) as an alternative.
All survey data were administered and collected by the researcher. The data pertaining to the
research were kept confidential. The surveys were distributed to both the comparison and
intervention groups at the beginning and mid-semester to determine if there was statistically
significant difference in motivation between the comparison and intervention groups.
In addition to the CIS and modified IMMS, data regarding mathematics achievement
were obtained from the course instructor for both the intervention and the comparison groups.
Scores from COMPASS Math placement test and mid-term exam scores were analyzed to
determine if there was a statistically significant difference in mathematics achievement between
the comparison and intervention groups.

Data Analysis

Because all the research questions were quantitative in nature, statistical procedures
employing Statistical Package for Social Scientists software program (SPSS) version 23 was
used for quantitative data analysis with a priori alpha = .05.
To answer the first research question, which was to determine if there was a difference in
mathematics achievement between the traditional and flipped classroom group, a one-way
analysis of covariance (ANCOVA) was used to compare the mean scores of the traditional and
flipped classroom groups, adjusting for the effect of COMPASS Math placement test scores
obtained at the beginning of the semester. The effect size was calculated using the eta squared
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(η2) statistic. The independent variable in this study was type of class, with two levels: flipped or
traditional classroom. The dependent variable was mathematics achievement as measured by the
mid-term score.
To answer the second research question, which was to determine if there was a difference
in motivation between the traditional and flipped classroom groups, a one-way analysis of
covariance (ANCOVA) was used to compare the mean scores of the traditional and flipped
classroom groups, which was adjusted for the effect of one variable (covariate). The researcher
used students’ demographic information and a motivation pre-course survey (Appendix E) which was a subset of the items on the Attitudes Toward Mathematics Inventory (ATMI) - as the
covariate to adjust for pre-existing differences in motivation between the intervention and
comparison groups. The effect size was calculated using the eta squared (η2) statistic. The
independent variable in this study was type of class: flipped vs. traditional classroom. The
dependent variable was motivation as measured by the CIS and IMMS.
To answer the third research question, which was to determine if there was a relationship
between motivation level and mathematics achievement, a correlation analysis was conducted.
First, a scatterplot was constructed to assess linearity. Next, the Pearson's product-moment
correlation coefficient was used to describe and measure the degree of association between two
variables, in this case motivation and mathematics achievement. The Pearson's product-moment
correlation coefficient (r) was used to assess how much of the variance in motivation could be
determined from its relationship with mathematics achievement.
To answer the fourth research question, which was to determine if the relationship
between motivation and mathematics achievement success differed by class type, a multiple
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regression analysis was used because it could inform us about how interaction between the
independent variables (motivation and class type) affected the dependent variable (mathematics
achievement). It allowed us to assess the moderating effect of class type on the relationship
between motivation and mathematics achievement. The linear equation containing these
predictors is
Y’ (predicted mathematics achievement) = β0 + β1 (motivation) + β2 (class type) + β3
(class type × motivation).

Internal Validity

During this study, threats to internal validity could occur; thus there was a need to
identify potential threats and solutions which minimized or avoided them altogether. One threat
was the diffusion of treatment: “Participants in the intervention and comparison groups could
communicate with each other” (Creswell, 2014, p.175). In this case the researcher was unable to
assure that participants from the comparison and intervention groups were kept separated and
were not communicating with each other nor shared course material during the experiment.
However, this threat was controlled by requiring students to enter a valid username and password
whenever they wanted to access the online materials. Another potential threat that was a concern
for this study was mortality: “participants drop out during an experiment due to many possible
reasons” (Creswell, 2014, p.175). If participants dropped out, due to illness or personal factors,
during the experiment the sample may become small, which could drastically affect or even
invalidate the results. The researcher controlled this threat by recruiting a large sample to
account for dropout or asked participants to answer open-ended questions. A third potential
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threat was selection: “participants can be selected who have certain characteristics that
predispose them to have certain outcomes” (Creswell, 2014, p.175). The researcher controlled
this treat by administering the pre-course survey (Appendix E) to both the comparison and
intervention groups, in order to find out how motivated they were towards the course. The data
was summarized to describe motivation level of the participants, and analyzed to determine any
significant pre-existing differences in motivation between the two groups. Additionally, to enroll
in MTH 080 (Intermediate Algebra), students should have passed the previous developmental
algebra course (MTH 060) or equivalent with a grade of C or better or placed directly into this
course based on the scores of their COMPASS Math placement test.

Summary

As previously stated, the study aimed to examine the effect of a flipped classroom
learning environment on mathematics achievement and motivation. The study compared
community college developmental algebra students in a flipped classroom environment versus
those enrolled in traditional classroom environment during the spring 2016 semester. The initial
population consisted of 50 students (N = 50); however, due to students dropping out for various
reasons and without notice, the final number of participating students was 46. The research
design was quasi-experimental. Students enrolled in developmental college algebra were not
randomly assigned to the intervention or the comparison group. Mathematics achievement was
measured using the mid-term exam at the end of week 8. The CIS, IMMS, and ATMI
quantitative surveys were used for collecting data and measuring motivation. The CIS, designed
by Keller and based on the ARCS motivational model (Keller, 2010), measured student reactions
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to and motivation created by instructor-led instruction. The IMMS, also developed by Keller and
based on the ARCS motivational model (Keller, 2010), measured reactions and the motivational
effect of self-directed instructional materials. The ATMI measured students’ attitudes toward
mathematics. Finally, students in the intervention group were asked to answer three open-ended
questions in order to gain an understanding of student reactions and perceptions regarding
flipped classrooms.

CHAPTER 4

RESULTS

The purpose of this study was to examine the effect of a flipped classroom learning
environment on mathematics achievement and motivation of students enrolled in developmental
algebra at a community college. At the beginning of the semester, the researcher collected and
analyzed demographic data and a pre-course survey, Attitudes Toward Mathematics Inventory
(ATMI) that measured students’ attitudes toward mathematics. At the end of the 8-week term,
the researcher collected and analyzed data from the CIS and modified IMMS to assess
motivation, using ordinal response items ranging from 1 (not true) to 5 (very true). Finally,
scores from the math placement test and mid-term exam were collected and analyzed as well. In
addition, three open-ended response questions were included at the end of the surveys for the
intervention group. The goal of the open-ended questions was to expand the researcher’s
knowledge about flipped classrooms from a student’s perspective, give students the opportunity
to provide feedback, and to gain an understanding of student reactions and perceptions regarding
flipped classrooms.
The following research questions guided the study:
1. What is the effect of a flipped classroom on mathematics achievement of community
college students enrolled in a developmental algebra course?

74
2. What is the effect of a flipped classroom on motivation of community college students
enrolled in a developmental algebra course?
3. Is there a relationship between motivation level and mathematics achievement among
students enrolled developmental college algebra courses at a community college?
4. Does the type of classroom (flipped vs. traditional) moderate the relationship between
motivation and mathematics achievement success for students enrolled in developmental
college algebra courses at a community college?

Research Hypotheses

The following are the primary hypotheses of this study:
1. There are no differences in mathematics achievement between the traditional classroom
and flipped classroom, after controlling for math placement test score.
2. There are no differences in motivation between the traditional classroom and the flipped
classroom, after controlling for ATMI score.
3. Motivation level does not predict mathematics achievement.
4. The relationship between motivation level and mathematics achievement does not differ
by class type (traditional vs. flipped classroom).
This chapter presents findings of the analysis based on the collected data and is
organized into five sections: (1) demographics information about participants, (2) data
analysis and results of an ANCOVA that assessed the effect of a flipped classroom on
students’ mathematics achievement and motivation, (3) data analysis and results of a
correlation analysis that assessed the effect of a flipped classroom on students’
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motivation, (4) data analysis and results of a multiple regression analysis that assessed
whether classroom type (flipped vs. traditional) moderated the relationship between
students’ motivation and mathematics achievement success, and (5) summary of the
results. The statistical analysis was conducted using the Statistical Package for the Social
Sciences software (SPSS) Version 23 for Windows with a priori alpha = .05.

Demographic Summary

The participants for this study consisted of 46 students from a community college located
in Northwest Illinois. All of these students were selected based upon the following criteria: (1)
enrollment in Intermediate Algebra (Math-080), (2) willingness to participate to the study.
Descriptive statistics were computed to determine the demographic profile of the sample.
The initial sample consisted of 50 students (N = 50); however, due to students dropping out for
various reasons and without notice, the final number of students was 46 students (N = 46), 24
students were included in the comparison group (traditional classroom) with 8 (33.3%) males
and 16 (66.7%) females, and 22 students were included in the intervention group - flipped
classroom with 10 males (45.5%) and 12 females (54.5%), (see Table 4). The ages ranged from
18 years to over 33 years. For the comparison group, 62.5% of the students were between the
ages of 18-22 years old, 16.7% were between the ages 23-27 years old, 16.7% were between the
ages 28-32 years old, and 4.2% were over 33 years old. For the intervention group, 90.9% of the
students were between the ages of 18-22 years old and 9.1% were between the ages of 23-27
years old (see Table 5).
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Table 4
Gender of Students by Classroom

Gender

Traditional
Classroom
N
%

Flipped
Classroom
N
%

Male

8

33.30

10

45.5

Female

16

66.70

12

54.5

Total

24

100.00

22

100.00

Table 5
Age of Students by Classroom

Age

Traditional
Classroom
N
%

Flipped
Classroom
N

%

18-22

15

62.5

20

90.9

23-27

4

16.7

2

9.1

28-32

4

16.7

0

0.0

33 +

1

4.2

0

0.0

Total

24

100.00

22

100.00

Descriptive Statistics

This section displays the descriptive analysis of the result of the math and motivation scores for
both the comparison and intervention group.
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Table 6 represents the sample sizes, means, standard deviations, skewness, and kurtosis
of the dependent variables: math achievement and motivation, and covariates: math placement
test and ATMI.

Table 6
Descriptive Statistics of Dependent and Covariate Variables
Variables

N

M

SD

Skewness

Kurtosis

Math Placement Test 46

42.84

5.32

-0.005

-1.08

Math Achievement

46

72.60

13.08

-0.62

-0.06

ATMI

46

3.16

0.71

-0.16

-0.07

CIS-Motivation

46

3.46

0.58

-0.51

0.55

IMMS-Motivation

46

3.12

0.61

0.17

-0.87

Survey Reliability

Prior to analyzing the results of the CIS, IMMS, and ATMI scores, the internal
consistency was assessed using Cronbach’s alpha, which is the most “common measure of scale
reliability” (Field, p.708). A Cronbach’s alpha values around .7 to .8 are generally acceptable for
reliable scale (Kline, 2005).

CIS Reliability. For this study, the reliability of the overall (composite) scores was
.91 which indicated a very high level of internal consistency reliability. Similarly, the
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reliability for the Attention (.71), Relevance (.85), and Satisfaction (.79) subscale scores
indicated a good internal consistency; however, reliability of the Confidence scores (.66)
indicated less than adequate reliability. After examining item-total statistics, it was observed

that removal of item 17 (“It is difficult to predict what grade the instructor will give my
assignments.”) from the survey would increase Cronbach’s alpha to .7 for the confidence

subscale. Based on that information, the researcher decided to remove item#17 from the
survey and from all statistical analyses in this study.
Table 7 provides information about the reliability of both the individual CIS subscale
scores and the total obtained scores from students.

Table 7
Study’s CIS Reliability

Scale
Attention
Relevance
Confidence
Satisfaction
Total scale

Reliability
Estimate
(Cronbach’s α)
.71
.85
.74
.79
.91
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IMMS Reliability. Based on the revised instrument, the reliability of the total scores
was .90, which indicated a very high level of internal consistency reliability. Similarly, the
alpha for the Attention (.75), Relevance (.76), and Satisfaction (.83) subscale scores indicated
good internal consistency; however the Confidence (.67) indicated less than adequate reliability.
Examination of the item-total statistics table indicated that removal of item 1 (“When I first
looked at this lesson, I had the impression that it would be easy for me.”) from the survey would

increase the value of alpha to .74 for the confidence subscale. Based on that information, the
researcher decided to remove item#1 from the survey and from all statistical analyses in this
study.
Table 8 provides information about the reliability of both the individual IMMS subscale
scores and the total (composite) scores from students.

Table 8
Study’s IMMS Reliability Using Revised Confidence Subscale

Scale

Reliability
Estimate
(Cronbach’s α)

Attention

.75

Relevance

.76

Confidence

.74

Satisfaction

.83

Total scale

.90
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ATMI Reliability. Based on the revised instrument, the reliability of the total scores
was .74, which was an acceptable level of internal consistency reliability. Item 2 was a
negatively-worded item; thus it was reverse-coded to reflect it.

Data Analysis

In this section, the researcher discussed the results of the study starting with Research
Question 1 and ending with Research Question 4. All data were analyzed using SPSS version 23
for Windows with a priori alpha = .05.

Research Question 1

Research question one sought to examine the effect of a flipped classroom on math
achievement of community college students enrolled in a developmental algebra course.
Question one was analyzed using a one-way analysis of covariance (ANCOVA). The
independent variable was class type: traditional classroom and flipped classroom. The dependent
variable was math achievement and the covariate variable was math placement test score.
Table 9 represents the sample sizes, means, and standard deviations of the math
placement test scores for the comparison group: traditional classroom and intervention group:
flipped classroom.
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Table 9
Descriptive Statistics of Math Placement Test Score by Class Type
Class Type
Traditional

N
24

M
44.70

SD
4.66

Flipped

22

40.81

5.35

Total

46

42.75

5.01

Table 10 provides the sample sizes, means, and standard deviations of the math scores for
the comparison group (traditional classroom) and intervention group (flipped classroom).

Table 10
Descriptive Statistics of Math Scores for Dependent Variable by Class Type
Class Type
Traditional

N
24

M
74.20

SD
11.45

Flipped

22

70.86

14.72

Total

46

72.53

13.09

The assumptions of ANCOVA were first assessed. There was a linear relationship between math
placement test scores and math achievement as assessed by visual inspection scatter plot. A
preliminary analysis evaluating the homogeneity of regression slopes assumption indicated that
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the relationship between the covariate and the dependent variable did not differ significantly as a
function of the independent variable, F(1,42) = 0.63, p = .80. A histogram of the ANCOVA
model residuals indicated that the residuals were normally distributed (see Figure 3), and a
formal test of normality was conducted to ensure the assumption of normality of distribution
using Shapiro-Wilk test. Standardized residuals for the model did not deviate significantly from a
normal distribution (p = .10). Levene’s test of equality of error variances indicated that the
variances among the groups did not differ F(1,44) = 2.22, p = .14. There were no outliers in the
data, as assessed by no cases with standardized residuals more extreme than ± 3 standard
deviations.

Figure 3: Histogram for standardized residuals: math achievement
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After conducting these preliminary checks to assess the assumptions of normality,
linearity, homogeneity of variances, homogeneity of regression slopes, and reliable measurement
of the covariate, the ANCOVA results indicated that after controlling for math placement test
scores, there was no significant difference in math achievement between students enrolled in
traditional and flipped classrooms, F(1,43) = 0.25, p = .61 (Table 11). However, the covariate
math placement test was significantly related to the students’ math achievement F(1,43) =
14.96, p < .001. The observed effect size for the covariate math placement test was η 2 = .25
[large, based on Cohen’s (1988) guidelines], which indicated that 25% of variance of the
dependent variable was associated with the math placement test factor.

Table 11
Analysis of Covariance for Math Achievement by Class Type

Source
Math Placement Test

SS
1954.03

df
1

Mean Square
1954.03

F
14.96

Sig.
<.01*

Class Type

33.22

1

33.22

.25

.61

Error

5616.5

43

130.61

Total
250212
Note: *Significant at the p<.05 level

46

Prior to adjustment, the means for each class type category were as follows: flipped
classroom (M = 70.86) and traditional classroom (M = 74.20). After adjustment for the covariate,
controlling for math placement test score, we noticed a slight increase in math achievement for
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the flipped classroom (M = 73.56), while it has decreased for the traditional classroom (M =
71.73).

Research Question 2

Research question two sought to examine the effect of a flipped classroom on motivation
of community college students enrolled in a developmental algebra course. Question two was
analyzed using a one-way analysis of covariance (ANCOVA). The independent variable was
class type: traditional classroom and flipped classroom. The dependent variable was motivation –
as measured by the CIS and IMMS - and the covariate variable was students’ Attitudes Toward
Mathematics Inventory (ATMI) score.
Table 12 represents the sample sizes, means, and standard deviations for the Attitudes
Toward Mathematics Inventory (ATMI) scores or the two groups – traditional and flipped.

Table 12
Descriptive Statistics of ATMI by Class Type
Class Type

N

M

SD

Traditional

24

3.01

0.71

Flipped

22

3.31

0.69

Total

46

3.16

0.7
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Motivation - CIS

Table 13 shows the sample sizes, means, and standard deviations for the four CIS
subscales used to measure student motivation for the two groups – traditional and flipped.

Table 13
Descriptive Statistics for the CIS Subscales by Class Type
Traditional
Classroom
(N=24)
M

Flipped
Classroom
(N=22)
SD

SD

M

CIS-Attention

3.32

0.60

3.26

0.69

CIS-Relevance

3.57

0.91

3.55

0.66

CIS-Confidence

3.77

0.73

3.57

0.53

CIS-Satisfaction

3.41

0.73

3.19

0.79

ARCS CIS-Motivation 3.51

0.74

3.39

0.66

The assumptions of ANCOVA were first assessed. There was a linear relationship
between ATMI scores and motivation for each class type, as assessed by visual inspection scatter
plot. A preliminary analysis evaluating the homogeneity of regression slopes assumption
indicated that the relationship between the covariate and the dependent variable did not differ
significantly as a function of the independent variable, as the interaction between class type and
ATMI score was not statistically significant F(1,42) = 0.75, p = .40. A histogram of the
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ANCOVA model residuals indicated that the residuals are normally distributed (see Figure 4). A
formal test of normality was conducted to ensure the assumption of normality of distribution
using the Shapiro-Wilk test. Standardized residuals for the interventions did not deviate
significantly from normal distribution p = .57. Levene’s test of equality of error variances
indicated that the variances among the groups did not differ significantly F(1,44) = 0.20, p = .65.
There were no outliers in the data, as assessed by no cases with standardized residuals more
extreme than ± 3 standard deviations.

Figure 4: Histogram for standardized residuals: CIS-motivation

After conducting preliminary checks to assess the assumptions of linearity, homogeneity
of regression slopes, normality, and homogeneity of variances, results indicated that, after
controlling for attitudes toward math inventory scores, there was no significant difference in
motivation between students enrolled in traditional and flipped classrooms, F(1,43) = 3.23, p =

87
.08 (see Table 14). However, the covariate attitudes toward math inventory (ATMI) was
significantly related to the students’ motivation F(1,43) = 19.55, p < .001. The effect size of the
covariate Attitudes Toward Mathematics Inventory (ATMI) was reported η 2 = .30 (large), which
indicated that 30% of variance of the dependent variable was associated with ATMI factor.

Table 14
Analysis of Covariance for CIS-Motivation by Class Type

Source
ATMI

SS
4.73

df
1

Mean Square
4.73

F
19.55

Sig.
<.01*

Class Type

.78

1

.78

3.23

.08

Error

10.40

43

.24

Total

567.28

46

Note: *Significant at the p<.05 level

Prior to adjustment, the means for each class type category were as follows: flipped
classroom (M = 3.4) and traditional classroom (M = 3.52). After adjustment, controlling for
attitude toward math inventory, we noticed a slight decrease in motivation for the flipped
classroom (M = 3.32), while it has increased for the traditional classroom (M = 3.6).
An ANCOVA examination of the CIS subscales revealed that, after controlling for
attitudes toward math inventory scores, there was a significant effect of class type on CISsatisfaction F(1,43) = 4.59, p = .03 in favor of the traditional classroom. The effect size of the
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variable CIS-satisfaction was reported η 2 = .071 (moderate), which indicated that 7.1% of
variance of the dependent variable was associated with CIS-satisfaction factor.

Motivation - IMMS

Table 15 represents the sample sizes, means, and standard deviations for the four IMMS
subscales used to measure student motivation for the two groups – traditional and flipped.

Table 15
Descriptive Statistics for the IMMS Subscales by Class Type
Traditional
Classroom
(N=24)

Flipped
Classroom
(N=22)

M

SD

M

SD

IMMS-Attention

3.23

0.64

3.18

0.67

IMMS-Relevance

2.81

0.66

3.05

0.76

IMMS-Confidence

3.53

0.70

3.22

0.49

IMMS-Satisfaction

2.90

0.89

3.01

0.94

ARCS IMMS-Motivation 3.11

0.72

3.11

0.71

The assumptions of ANCOVA were first assessed. There was a linear relationship
between ATMI scores and motivation for each class type, as assessed by visual inspection scatter
plot. A preliminary analysis evaluating the homogeneity of regression slopes assumption
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indicated that the relationship between the covariate and the dependent variable did not differ
significantly as a function of the independent variable, as the interaction between class type and
ATMI score was not statistically significant F(1,42) = 0.18, p = .67. A histogram of the
ANCOVA model residuals indicated that the residuals are normally distributed (see Figure 5). A
formal test of normality was conducted to ensure the assumption of normality of distribution
using the Shapiro-Wilk test. Standardized residuals for the interventions did not deviate
significantly from normal distribution p = .70. Levene’s test of equality of error variances
indicated that the variances among the groups did not differ significantly F(1,44) = 0.47, p = .49.
There were no outliers in the data, as assessed by no cases with standardized residuals more
extreme than ± 3 standard deviations.

Figure 5: Histogram for standardized residuals: IMMS-motivation
After conducting preliminary checks to assess the assumptions of linearity, homogeneity
of regression slopes, normality, and homogeneity of variances, results indicated that, after
controlling for attitudes toward math inventory scores, there was no significant difference in
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motivation between students enrolled in traditional and flipped classrooms, F(1,43) = 1.01, p =
.32 (see Table 16). However, the covariate attitudes toward math inventory (ATMI) was
significantly related to the students’ motivation F(1,43) = 21.04, p < .001. The effect size of the
covariate Attitudes Toward Mathematics Inventory (ATMI) was reported η 2 = .34 (large), which
indicated that 34% of variance of the dependent variable was associated with ATMI factor.

Table 16
Analysis of Covariance for IMMS-Motivation by Class Type

Source
ATMI

SS
5.50

df
1

Mean Square
5.50

F
21.04

Sig.
<.01*

Class Type

.26

1

.26

1.01

.32

Error

11.25

43

.26

Total

465.06

46

Note: *Significant at the p<.05 level
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Prior to adjustment, the means for each class type category were as follows: flipped
classroom (M = 3.11) and traditional classroom (M = 3.12). After adjustment, controlling for
attitude toward math inventory, we noticed a slight decrease in motivation for the flipped
classroom (M = 3.04), while it has slightly increased for the traditional classroom (M = 3.2).
Similarly, ANCOVA examination of the IMMS subscales revealed that, after controlling
for attitudes toward math inventory scores, there was a significant effect of class type on IMMSconfidence F(1,43) = 7.1, p = .01 in favor of the traditional classroom. The effect size of the
variable IMMS-confidence was reported η 2 = .11 (large), which indicated that 11% of variance
of the dependent variable was associated with IMMS-confidence factor.

Research Question 3

Research question three sought to determine if there is a relationship between motivation
(CIS and IMMS) and math achievement.
Motivation - CIS. A Pearson's product-moment correlation was computed to assess the
relationship between motivation as measured by the total CIS score and math achievement of
community college students enrolled in a developmental algebra course. Preliminary analyses of
the scatterplot (see Figure 6) showed no clear non-linearity in the data. There were no outliers.
Pearson’s correlation analysis revealed that there was no significant correlation between
motivation and math achievement of community college students enrolled in a developmental
algebra course r(44) = .12, p = .41, with math achievement scores statistically explaining 1.4%
of the variability in motivation. The relationship between motivation and math achievement was
not statistically significant, so we failed to reject the null hypothesis.
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Figure 6: Scatterplot of CIS-Motivation on Math achievement

Motivation – IMMS. A Pearson's product-moment correlation was computed to assess
the relationship between motivation as measured by the total IMMS score and math achievement
of community college students enrolled in a developmental algebra course. Preliminary analyses
of the scatterplot (see Figure 7) showed no clear non-linearity in the data. There were no outliers.
Pearson’s correlation analysis revealed that there was no significant correlation between
motivation and math achievement of community college students enrolled in a developmental
algebra course r(44) = .19, p = .18, with math achievement scores statistically explaining 3.6%
of the variability in motivation. The relationship between motivation and math achievement was
not statistically significant, so we failed to reject the null hypothesis.
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Figure 7: Scatterplot of IMMS-Motivation on Math achievement

Research Question 4

Research question four sought to determine if the relationship between motivation - as
measured by the total CIS and total IMMS scores - and mathematics achievement success
differed by class type. That is, whether class type moderates the relationship between motivation
and math achievement. Moderation was examined using multiple regression analysis to assess
the statistical significance of the interaction term between motivation and class type (traditional
vs. flipped classroom). Prior to conducting the multiple regression, preliminary analyses
involved checking and assessing assumptions such as linearity, multicollinearity, outliers,
leverage points and influential cases, homoscedasticity, and normality of residuals.
Motivation – CIS. Linearity was established by visual inspection of a scatterplot.
Multicollinearity was assessed with tolerance and VIF statistics. The independent variable,
motivation, was mean-centered to reduce the multicollinearity problem (Cohen et al., 2003).
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There was no evidence of multicollinearity, as indicated by no tolerance values less than 0.1 and
no VIF values exceeding 10 (Field, 2013). There were no studentized deleted residuals more
extreme than ± 3 standard deviations with 2.30 being the largest studentized residual. In this
study, there was only two cases with a leverage value above the cut-off of .26. There were no
cases that were influential as defined as Cook’s distance values greater than 1, with .20 being the
largest value in this data set. There was homoscedasticity, as assessed by visual inspection of the
studentized residuals plotted against the predicted values for traditional and flipped classroom
students. Finally, the studentized residuals show no significant departure from normality, as
assessed by Shapiro-Wilk’s test, with p = .11.
After conducting preliminary checks to assess the assumptions, the results of the multiple
regression were evaluated to assess the statistical significance of the motivation × class type
interaction effect on math achievement. The results indicated that the main effects of motivation
and class type did not contribute significantly to the regression model [F(2,43) = 0.63, p = .53]
and accounted for only 2.9% of the variation in math achievement. Moreover, when the
motivation × class type interaction term was examined, results indicated that class type did not
moderate the effect of motivation on math achievement, as evidenced by a slight increase in
variance-accounted-for of 1%, which was not statistically significant F(1,42) = 0.42, p = .51
(see Table 17). Beta coefficients for the predictors were class type β = -.17 for CIS–motivation, β
= -.11 for class type, and β = .30 for the interaction (CIS-motivation × class type) (see Table 17).
Examination of the interaction plot showed that, although there appears to be distinction in slope
between the two groups, this difference was not statistically significant (see Figure 8).
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Table 17
Summary of Regression Analysis for Variables (CIS) Predicting Math Achievement

B

SE B

β

CIS-Motivation

-3.96

10.37

-.17

Class Type

-3.0

3.94

-.11

Motivation x Class Type

4.53

6.92

.30

Variable

R
.20

R2
.03

ΔR2
.01

F
.42

p
.51

Note: *Significant at the p<.05 level

Figure 8: Scatterplot of Math achievement on CIS-Motivation by Class Type

Motivation – IMMS. Linearity was established by visual inspection of a scatterplot.
Multicollinearity was assessed with tolerance and VIF statistics. The independent variable,
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motivation, was mean-centered to reduce the multicollinearity problem (Cohen et al., 2003).
There was no evidence of multicollinearity, as indicated by no tolerance values less than 0.1 and
no VIF values exceeding 10 (Field, 2013). There were no studentized deleted residuals more
extreme than ± 3 standard deviations with 2.35 being the largest studentized residual. In this
study, there were no cases with a leverage value above the cut-off of .26. There were no cases
that were influential as defined as Cook’s distance values greater than 1, with .13 being the
largest value in this data set. There was homoscedasticity, as assessed by visual inspection of the
studentized residuals plotted against the predicted values for traditional and flipped classroom
students. Finally, the studentized residuals show no significant departure from normality, as
assessed by Shapiro-Wilk’s test, with p = .46.
After conducting preliminary checks to assess the assumptions, the results of the multiple
regression were evaluated to assess the statistical significance of the motivation × class type
interaction effect on math achievement. The results indicated that the main effects of motivation
and class type did not contribute significantly to the regression model [F(2,43) = 1.27, p = .29]
and accounted for only 5.6% of the variation in math achievement. Moreover, when the
motivation × class type interaction term was examined, results indicated that class type did not
moderate the effect of motivation on math achievement, as evidenced by a slight increase in
variance-accounted-for of 0.1%, which was not statistically significant F(1,42) = 0.045, p = .83
(see Table 18). Beta coefficients for the predictors were class type β = .10 for IMMS-motivation,
β = -.12 for class type, and β = .10 for the interaction (IMMS-motivation × class type) (see Table
18). Examination of the interaction plot showed that, although there appears to be distinction in
slope between the two groups, this difference was not statistically significant (see Figure 9).
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Table 18
Summary of Regression Analysis for Variables (IMMS) Predicting Math Achievement

B

SE B

β

2.2

10.19

.10

Class Type

-3.33

3.88

-.12

Motivation x Class Type

1.36

6.42

.10

Variable

R
.24

IMMS-Motivation

R2
.05

ΔR2
.001

F
.045

Note: *Significant at the p<.05 level

Figure 9: Scatterplot of Math achievement on IMMS-Motivation by Class Type

p
.83
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Open-Ended Questions

Responses to open-ended questions. In addition to the quantitative data, additional
analysis was performed using responses to the open-ended questions. There were three openended response queries at the end of the surveys for the intervention group. The goal of the openended questions was to expand the researcher’s knowledge about flipped classroom from a
student’s perspective, give students the opportunity to provide feedback, and finally to gain an
understanding of the students’ reaction and perception of the flipped classroom. The questions
were as follows:
1. How much time did you spend in an average week on activities related to this class?
2. What are your thoughts about the format of the class?
3. What are your thoughts about your interaction with your peers and instructor?
A total of 22 students in the intervention group received the CIS and IMMS that included the
three open-ended questions. All students responded to the open-ended questions. Responses were
analyzed and coded into common themes.
The first question asked, “How much time did you spend in an average week on activities
related to this class?” Responses to this question indicated that the average student in the
intervention group spends about 10 -12 hours each week preparing for class. Preparation for
class included watching short video lectures and completing quick assessments. Study time at
home provided students the opportunity to master and digest the challenging concepts.
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Responses from question two and three were analyzed and coded into common themes. Two
themes have emerged from students’ responses about the format of the class and thoughts about
student-student and student-instructor interaction.
Theme 1: Learning control. The first theme that emerged from the analysis and coding
of the responses was associated with students being responsible and in control of their learning.
A number of students pointed out that they “feel responsible of my own learning,” “take
responsibility to teach and learn for ourselves,” “do the learning on my own and the activities in
class.” Other students appreciated the self-paced approach where they could watch the video
lectures “at my own pace over and over and with no interruption,” “pause and rewind videos in
order to understand the concepts,” “I can look back at the videos and review the material as a
refresher before a taking a test,” and “take my time watching videos and write down notes and
questions.” Most responses included positive comments; however some students were not
supportive of the flipped classroom, expressed concerns, and felt that they “should not have to
teach myself the subject,” “I don’t like it… instructor should do the lecture and explain the
materials,” and “I am used to the traditional way and it is much better.”
Theme 2: student-student and student-instructor interaction. The second theme that
emerged from the analysis and coding of the responses was associated with students’ interaction
with their classmates and instructor. Several students appreciated the fact that they could
“receive immediate assistance and feedback from classmates and instructor,” “working in a
group is better than studying alone,” “enjoy working though the problems in class,” and “keeps
me motivated.” Finally, one student stated that “math isn’t really my thing; working in group
helps make it a little easier to understand.” Overall, it seems like students do enjoy the in-class
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activities, because of the interaction among themselves and with the instructor. In addition, inclass and group activities encourage interaction, promote peer support and make it easier for
students to learn from one another.

Summary

Chapter 4 presented the descriptive statistics and provided the quantitative results of the
research. Data from students enrolled in an intermediate algebra course were used in this study.
Four research questions and hypotheses were developed to examine the effect of flipped
classroom on student’s motivation and math achievement. The results indicated no statistical
significant differences in math achievement between students enrolled in traditional and flipped
classroom when controlling for math placement test score. Similarly, there was no statistical
significant difference in motivation (CIS and IMMS), when controlling for ATMI score.
Analysis of data showed a non-significant correlation between math achievement and motivation
(CIS and IMMS). Finally, multiple regression analysis indicated that class type (traditional vs.
flipped) did not moderate the effect of motivation on math achievement.
In addition to the quantitative data analysis, this study included three open-ended
questions at the end of the surveys for the intervention group. Two major themes emerged from
coding the open-ended questions. The goal was to expand the researcher’s knowledge about
flipped classroom from a student’s perspective, and give students the opportunity to provide
feedback about the flipped classroom’s impact on their motivation. The next chapter includes an
analysis of the research, the implications of the findings, limitations of this study, and
recommendations for future research.

CHAPTER 5

DISCUSSION

This study examined the effect of a flipped classroom learning environment on
mathematics achievement and motivation of students enrolled in a developmental algebra course
at a community college. The study consisted of 46 student participants who enrolled in a
developmental algebra class and who were taught using either a traditional or flipped classroom
method at a Midwest community college. The theoretical framework for this study was based on
Keller’s model of motivational design (2010) and its four categories that influence the
motivation to learn: Attention (A), Relevance (R), Confidence (C), and Satisfaction (S).
This chapter summarizes and interprets the current research study findings. The chapter
concludes with the current study limitations, implications of the findings, and recommendations
for future research.

Summary of Findings

Research Question 1

The first research question looked at the effect of a flipped classroom on the mathematics
achievement of community college students enrolled in a developmental algebra course. The
researcher’s hypothesis was that there would not be any differences in mathematics achievement
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between the traditional classroom and flipped classroom, after controlling for the math
placement test score. Question one was analyzed using a one-way analysis of covariance
(ANCOVA). Results indicated that, after controlling for math placement test scores, there was no
significant difference in math achievement between students enrolled in traditional and flipped
classrooms; therefore, the null hypothesis was not rejected.
The data analysis results showed that there were no significant differences in math
achievement between students enrolled in the traditional classroom and those enrolled in the
flipped classroom. In other words, the two groups performed equally when mid-term exam
scores were compared. The premise that the flipped classroom can have an effect on the math
achievement of the students enrolled in intermediate algebra was not demonstrated. It may be
due to the fact that flipped classroom students were unaware that the flipped classroom required
more work, and they did not seem to perceive the value of interactive learning approaches
(Missildine et al., 2013). These results suggest that the flipped classroom did not lead to an
improvement in math achievement. Increasing motivation through a well-designed flipped
classroom may have a positive impact on mathematics achievement. Also, the results seems to
support previous finding by Findlay-Thompson and Mombourquette (2014) who found that there
were no grade differences when they compared the academic outcomes between three sections of
business class students enrolled in either a flipped or a traditional lecture-style classroom.
However, the current study’s findings are in contrast with other findings that showed the flipped
model to have a strong positive effect on overall student performance (Strayer, 2012; Tune et al.,
2013). The contrasting results of this research study and previous research studies by Strayer
(2012) and Tune et al. (2013) could be due to the fact that both studies’ participants were
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traditional students rather than developmental students. Besides the delivery format, the two
groups in these prior studies differed significantly in age. The average age of the traditional
classroom students was older than the flipped classroom students; 60% of traditional classroom
students were between the ages of 18 and 22 years old and 90% of flipped classroom students
were between the ages of 18 and 22 years. However, age did not seem to have an impact since
both groups performed equally. Finally, the small number of students enrolled in either the
traditional (N=24) or flipped classroom (N=22) may have impacted the model’s ability to yield
statistical significance; therefore, findings must be interpreted with prudence.

Research Question 2

The second research question examined the effect of a flipped classroom on the
motivation of community college students enrolled in a developmental algebra class. The
researcher’s hypothesis was that there would not be any differences in motivation – as measured
by the CIS and IMMS - between the traditional classroom and the flipped classroom, after
controlling for Attitudes Toward Math Inventory (ATMI) scores. Question two was analyzed
using a one-way ANCOVA. Results indicated that, after controlling for ATMI scores, there was
no significant difference in motivation between students enrolled in traditional and flipped
classrooms; therefore, the null hypothesis was not rejected. In other words, the two groups were
equally motivated when compared. The results seem to indicate that the flipped classroom did
not increase motivation of the students enrolled in intermediate algebra. There was a significant
effect of class type of CIS satisfaction, and significant effect of class type on IMMS confidence.
Both effects, however, favor the traditional class. This finding does not support the assertion by
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Davies et al. (2013) that showed not only greater academic gains but also increased student
satisfaction with the learning environment. Their results showed that at the beginning of the term
that flipped classroom students (M = 3.31) were more motivated than traditional students (M =
3.01) as measured by the ATMI. At mid-term, traditional classroom students (CIS: M = 3.51,
IMMS: M = 3.11) were slightly more motivated than flipped classroom students (CIS: M = 3.39,
IMMS: M = 3.11); this lower-than-anticipated score may be due to the fact that the flipped
classroom was not adapted to the ARCS motivation model. The motivation of students enrolled
in the flipped classroom might have been affected by the design of the video lectures and in-class
activities. Video lectures and in-class activities need to be designed in a way that promotes and
sustains motivation throughout the learning process. The mean scores in Davies et al.’s study for
ARCS model subscales Attention (M = 3.18), Relevance (M = 3.05), Confidence (M = 3.22), and
Satisfaction (M = 3.01) indicated that video lectures or in-class activities in flipped classrooms
did not enhance their motivation toward learning. Previous studies had demonstrated that using
the ARCS model to increase the effectiveness of designing and developing strategies would lead
to improved motivation, which in turn could lead to the improvement of performance or
achievement (Alhassan, 2014; Gabrielle, 2003; Huett et al., 2008a; Huett, Moller, Young, Bray,
& Huett, 2008b; Lin 2009; Means, Jonassen, & Dwyer, 1997; Park & Choi, 2009; Song &
Keller, 2001). The contrasting results of this research study and previous research studies by
Alhassan (2014), Gabrielle, (2003), Huett et al. (2008a), Huett et al. (2008b), Lin (2009), Means,
Jonassen, & Dwyer (1997), Park & Choi (2009), Song & Keller (2001) could be due to the fact
that the previous research studies adopted a modify flipped classroom by incorporating a number
of media design strategies and treatment to make the video presentation more interactive than
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lecture based presentation. For example, a study conducted by Strayer (2012) used ALEKS
(Assessment and Learning in Knowledge Spaces) intelligent tutoring system to introduce
students to classroom content outside the classroom to help students learn content by engaging
them in the way in which human tutors do. This study’s findings based on the students’
responses to the open-ended queries, confirmed that they felt un-motivated by the recorded
lecture. In addition to the design of the flipped classroom, the large number of items used to
measure motivation (34 CIS items, 36 IMMS items, and 3 open-ended queries) may have led to
survey fatigue. Finally, the small number of students enrolled in either the traditional (N=24) or
flipped classroom (N=22) may have impacted the ability of the model to yield statistical
significance; therefore, findings must be interpreted with prudence.

Research Question 3

The third research question examined if there was a relationship between motivation level
– as measured by the CIS and IMMS - and mathematics achievement among students enrolled in
developmental college algebra courses at a community college. The researcher’s hypothesis was
that motivation level would not predict mathematics achievement. A Pearson's product-moment
correlation showed not significant relationship between motivation (CIS and IMMS) and math
achievement of community college students enrolled in the developmental algebra course.
Because the instructor did not use the ARCS model to design and develop the video lectures, the
motivational needs of the developmental students may not have been met, which may explain
why no significant correlation was found between the variables. This lack of significant
correlation contrasts previous studies that demonstrated how ARCS-influenced strategies may
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have led to improved learner motivation, which in turn could have led to an improvement of
performance or achievement (Gabrielle, 2003; Huett et al., 2008a; Huett et al., 2008b; Lin 2009;
Means et al., 1997; Park & Choi, 2009; Song & Keller, 2001). Previous studies have focused on
traditional students, whereas this research study focused on developmental students. There is
considerable research that shows significant correlation between students’ motivation and
academic achievement. Motivation is a critical factor for the learning success of students who
enroll in online courses (Keller, 1979; Lee, 2000; Lee & Choi, 2011; Visser et al., 2002) and for
performance improvement and achievement (Huett et al., 2008a).

Research Question 4

The fourth research question studied whether the type of classroom (flipped vs.
traditional) moderated the relationship between motivation and mathematics achievement
success for students enrolled in developmental college algebra courses at a community college.
The researcher’s hypothesis was that the relationship between motivation level and mathematics
achievement would not differ by class type (traditional vs. flipped classroom). The results
indicated that the type of classroom did not significantly moderate the relationship between
motivation and mathematics achievement. These findings indicate that class type had no impact
on the relationship between motivation and math achievement.
The integration of Keller’s motivational design into the instructional materials and inclass activities may have increased focus, engagement, and motivation among developmental
students and may have helped them become successful in their studies. Besides the low math
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placement test scores, other motivational factors, such as lack of intrinsic or extrinsic goal
orientation and self-efficacy might have impacted their math achievement and motivation.

Open-ended Questions

This study used three open-ended questions on the intervention group surveys to collect
students’ perceptions of the flipped classroom and its impact on their motivation.
1. How much time did you spend in an average week on activities related to this class?
2. What are your thoughts about the format of the class?
3. What are your thoughts about your interaction with your peers and instructor?
Analysis and coding of these responses revealed two major themes about the format of
the class and students’ thoughts about student-student and student-instructor interaction. First,
students felt responsible for and in control of their learning. One critical part of the flipped
classroom is the use of educational technology (i.e., recorded video lectures that independently
engage and introduce students to course content on their own time and at their own pace outside
the classroom). Outside class activities provide opportunities for students to take ownership of
their learning experience. Watching videos lectures on their own time and at their own pace
promotes positive expectations and helps facilitate learning. In a student-centered learning
environment, students are responsible for their own learning (Bergmann & Sams, 2012; Davies
et al., 2013) with peer-interaction being a critical aspect in student motivation (Chickering &
Gamson, 1987).
Second, students viewed interactions with their classmates positively while they had a
neutral view of their interactions with their instructor. The in-class activities and interactions are
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a critical part of the flipped classroom because they promote active learning. The findings are
consistent with previous studies that indicated that in-class activities allow students to participate
in their own learning and build confidence, which in turn enhances and improves performance
and learning (Strayer, 2012; Tune et al., 2013).
Both components are critical and essential to flipping classrooms because they shift the
focus from instructor-centered to learner-centered environments where the teacher becomes a
facilitator. In a student-centered learning environment, students are responsible for their own
learning (Bergmann & Sams, 2012; Davies et al., 2013) with peer-interaction being a critical
aspect in student motivation (Chickering & Gamson, 1987).
The findings from this study indicated that class type had no effect on math achievement
and motivation for students enrolled developmental math in either flipped or traditional
classroom; thus, higher education institutions should consider exploring other strategies and
factors, such as delivery options and affective factors, which may lead to improved motivation
and math achievement in developmental math courses.
Despite these findings, the flipped classroom seems to be a viable alternative to the
traditional classroom for teaching intermediate algebra. However, as indicated in the
recommendations section, future research should be conducted over a longer period of time and
with a larger sample size to deduce the effect of flipped classrooms on motivation and math
achievement and whether this approach is a viable alternative to the traditional classroom.
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Limitations

A major limitation of this study was sample size. Only 46 out of 50 students who initially
agreed to participate in this study filled out the surveys. Out of these participants, only 22
students were exposed to the flipped classroom intervention.
A power analysis was conducted using the software package G*Power (Erdfelder, Faul,
& Buchner, 1996). The sample size of 46 was used for the statistical power analyses. The
analyses revealed a statistical power of 0.54 for a small effect (f=0.1), 0.72 for medium effect
(f=.25), and 0.87 for large effect (f=0.40).
This study was conducted at one community college with a homogenous group of
students, and age and gender were the only demographic data collected. Because data on
ethnicity, past personal and professional experience, and socio-economic were not collected, it
may be difficult to generalize the results to other institutions.
Another limitation was that math achievement was measured by math mid-term scores
alone. This study did not consider other variables, such as unit exams, homework scores, and
final exam scores.
While the math placement test score was used as a covariate to control for previous math
achievement, other characteristics such as previous academic experience and additional math
support should have been considered.

110
Implications

Currently, higher education institutions are facing the challenge of low motivation (Moore,
2007), achievement, and retention (Bonham & Boylan, 2011) for students who enroll in
developmental college algebra courses. The current study may contribute to the knowledge base
of the flipped classroom model in higher education by examining the motivational appeal of
developmental algebra instruction and the development of the flipped classroom model at a
community college. In addition, the findings of this study may provide valuable insights to
educators, faculty, and administrators who are constantly experimenting with new instructional
approaches which might facilitate learning and improve performance and motivation in a
technology-enhanced pedagogical environment. An important finding of this study was that
flipped classroom was not a significant predictor of math achievement and motivation of
students enrolled in developmental college algebra. Another important finding of this study was
that video lectures did not promote and sustain motivation during the learning process; however
students viewed interactions with their classmates during in-class activities positively while they
had a neutral view of their interactions with their instructor. In addition, there was a significant
effect of class type on CIS-satisfaction and IMMS- confidence favoring the traditional
classroom. This indicates that just inverting the traditional teaching approach without adequately
designing and creating the instructional materials and in-class activities may just not be enough
to enhance and improve the motivation and math achievement of students enrolled in
intermediate algebra. Besides the design and creation of instructional materials, instructors’
training should also be considered when teaching in a flipped leaning environment because it is
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key to a successful flipped classroom implementation. Teaching students using a flipped
classroom method is different from traditional method; thus the needs for instructors to learn
how to design student in-class activities, create engaging online videos, and understand different
key components of a flipped classroom. Students’ orientation should also be considered. Not all
students are familiar with the flipped classroom approach. Educators need to inform and help
students understand how they will learn and what is expected of them in the flipped environment.
Based on the findings, flipped classroom may not be the ideal instructional approach for teaching
students who are underprepared for college mathematics, because developmental students are
unprepared for college, lack the maturity and motivation, and need more guidance from
instructor. However, an enhanced flipped classroom with properly designed video lectures and
in-class activities, where instructor may spend more time with students reviewing and discussing
important concepts, may promote active learning, increase and sustain students’ motivation, and
eventually may lead to a higher retention rate of developmental students. This study will serve to
inform college administrators and instructors about rethinking and exploring different
instructional interventions for teaching developmental college algebra; thus improving
developmental student success. In addition, this study will serve to inform course and
instructional designers on how to design or develop more effective motivational instructional
interventions which address the motivational needs of the developmental students and contribute
to the theoretical framework of motivation. Finally, this study broadens the scope of Keller’s
ARCS Model framework since few studies have examined how this model could help improve
the motivational appeal of the instructional materials (Keller, 1987a) involving developmental
students at a community college. Despite the fact that the analyses of the results did not show a
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significant difference in math achievement and motivation, college administrators and educators
should consider flipped classroom as a viable alternative to the traditional classroom for teaching
intermediate algebra.

Recommendations for Further Research

This study used a quasi-experimental design to examine the effect of a flipped classroom
learning environment on mathematics achievement and motivation of students enrolled in
developmental algebra at a community college. However, due to this study’s limitations and low
statistical significance in the results, there are several recommendations for how similar studies
should be conducted in the future.
First, future studies should replicate this study by using mixed methodologies
(quantitative and qualitative data). Student interviews may provide students’ perspectives on
flipped classrooms and shed light on how students react to this pedagogical approach.
Additionally, it may provide instructors with valuable insight about the creation and
development of online video lectures.
Second, this study should be replicated using a larger sample size over a longer period of
time (e.g., 8 weeks to 18 weeks). Future studies that take this approach may yield more
significant results.
Third, future studies should focus on instructional strategies which include improvement
of the motivational features of the instructional videos by incorporating Keller’s four ARCS
components. Instructors could integrate each component of this model to design instructional
material and create a motivation learning environment for a flipped classroom. For example,
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images and animations could be used to capture and sustain students’ attention when introducing
a new topic. Previous studies had demonstrated that using the ARCS model to increase the
effectiveness of designing and developing strategies could lead to improved motivation, which in
turn could lead into improvement of performance or achievement (Gabrielle, 2003; Huett et al.,
2008a; Huett et al., 2008b; Means, Jonassen, & Dwyer, 1997; Park & Choi, 2009; Song &
Keller, 2001).
Fourth, future studies should incorporate other non-cognitive variables. Addressing noncognitive, affective characteristics “is frequently an untapped area in attempts to promote
students’ achievement and retention in developmental mathematics” (Bonham & Boylan, 2011,
p. 4), and it might influence students’ performance and promote their achievement (Bonham &
Boylan, 2011; Guy, Cornick, & Beckford, 2015; Higbee & Thomas, 1999; Spradlin &
Ackerman, 2010).
Fifth, a delayed effect should be explored at the end of the term to see if all the students
enrolled in intermediate college algebra (MTH 080), did not fail or drop the course after the
midterm, successfully passed the course, and enrolled in college level algebra. Analysis of the
data may yield more significant results. In addition, follow-up data for the cohort should be
obtained 2-3years after the intervention ended, to assess the long-term benefits of the
intervention (i.e., students remained and graduated from college).
Sixth, as colleges and universities experiment with flipped their classrooms, a study
should look into the cost-effectiveness of teaching developmental college algebra using the
flipped classroom method.
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Finally, a follow-up study should incorporate personalized motivational e-mail messages
and explore how these messages support online learners’ engagement and persistence (Huett et
al., 2008a), which could further enhance learner motivation.

Summary

Higher education institutions are facing the challenge of low motivation (Moore, 2007),
low mathematics achievement, and low retention (Bonham & Boylan, 2011) for students who
enroll in developmental college algebra courses. Although the results of this study found that the
use of flipped classroom in developmental mathematics did not yield a significant effect on math
achievement and motivation regardless of the delivery method, it did provide valuable insights
about students’ perceptions of the flipped classroom. This study aimed to add to the knowledge
base of whether the flipped classroom was appropriate for teaching developmental college
algebra and to fill the gap in literature regarding the integration of the flipped classroom model
and the ARCS motivation model. Hopefully, this study will help administrators and educators
find ways to engage millennial students (Roehl et al., 2013) and evaluate strategies to enhance
and improve student learning, increase student retention, and increase student motivation. In
addition, it may help administrators and educators understand the motivational needs of the
learners by identifying factors that motivate or de-motivate them to learn in a flipped classroom
environment.
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From: John Keller [mailto:jkellersan@gmail.com]
Sent: Monday, August 24, 2015 1:15 PM
To: Abdelfattah Sabir
Subject: Re: Permission to use CIS and IMMS

Dear Fattah,

It is nice to hear from you and, yes, you are most welcome to use the IMMS and CIS. Do you
have copies of them as well as scoring information?

Best wishes for success in your study!

Sincerely,
John K.

John M. Keller, Ph.D.
Professor Emeritus
Educational Psychology and Learning Systems
Florida State University
9705 Waters Meet Drive
Tallahassee, FL 32312-3746
Phone: 850-294-3908
Official ARCS Model Website: http://arcsmodel.com.
Keller, J.M. (2010), Motivational Design for Learning and Performance: The ARCS Model Approach. New York:
Springer. Now available in English, Japanese, and Korean.

"Good judgment comes from experience, and a lot of that comes from bad judgment."
From "Don't Squat with Your Spurs On:
A Cowboy's Book of Wisdom."
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From: Tapia, Martha [mailto:mtapia@berry.edu]
Sent: Thursday, December 10, 2015 12:55 PM
To: Abdelfattah Sabir
Subject: RE: Permission to use ATMI

Dear Abdelfattah,
You have permission to use the Attitudes Toward Mathematics Inventory (ATMI) in your study. If you have any
question, please do not hesitate to ask me.
Please let me know of the findings in your study.
Sincerely,
Martha Tapia
Martha Tapia, Ph.D.
Associate Professor
Department of Mathematics and Computer Science
Berry College
P.O. Box 495014
Mount. Berry, Georgia 30149-5014
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Instructions
Course Interest Survey
John M. Keller
Florida State University
1. There are 34 statements in this questionnaire. Please think about each statement in relation to the
instructional materials you have just studied, and indicate how true it is. Give the answer that truly
applies to you, and not what you would like to be true, or what you think others want to hear.
2. Think about each statement by itself and indicate how true it is. Do not be influenced by your
answers to other statements.
3. Record your responses on the answer sheet that is provided, and follow any additional instructions
that may be provided in regard to the answer sheet that is being used with this survey. Thank you.
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1 (or A) = Not true
2 (or B) = Slightly true
3 (or C) = Moderately true
4 (or D) = Mostly true
5 (or E) = Very true
1. The instructor knows how to make us feel enthusiastic about the subject matter of this course.
2. The things I am learning in this course will be useful to me.
3. I feel confident that I will do well in this course.
4. This class has very little in it that captures my attention.
5. The instructor makes the subject matter of this course seem important.
6. You have to be lucky to get good grades in this course.
7. I have to work too hard to succeed in this course.
8. I do NOT see how the content of this course relates to anything I already know.
9. Whether or not I succeed in this course is up to me.
10. The instructor creates suspense when building up to a point.
11. The subject matter of this course is just too difficult for me.
12. I feel that this course gives me a lot of satisfaction.
13. In this class, I try to set and achieve high standards of excellence.
14. I feel that the grades or other recognition I receive are fair compared to other students.
15. The students in this class seem curious about the subject matter.
16. I enjoy working for this course.
17. It is difficult to predict what grade the instructor will give my assignments.
18. I am pleased with the instructor's evaluations of my work compared to how well I think I have done.
19. I feel satisfied with what I am getting from this course.
20. The content of this course relates to my expectations and goals.
21. The instructor does unusual or surprising things that are interesting.
22. The students actively participate in this class.
23. To accomplish my goals, it is important that I do well in this course.
24. The instructor uses an interesting variety of teaching techniques.
25. I do NOT think I will benefit much from this course.
26. I often daydream while in this class.
27. As I am taking this class, I believe that I can succeed if I try hard enough.
28. The personal benefits of this course are clear to me.
29. My curiosity is often stimulated by the questions asked or the problems given on the subject matter
in this class.
30. I find the challenge level in this course to be about right: neither too easy not too hard.
31. I feel rather disappointed with this course.
32. I feel that I get enough recognition of my work in this course by means of grades, comments, or
other feedback.
33. The amount of work I have to do is appropriate for this type of course.
34. I get enough feedback to know how well I am doing.

APPENDIX D
INSTRUCTIONAL MATERIALS MOTIVATIONAL SURVEY (IMMS)
(Reproduced with permission from John M. Keller)
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Instructions
Instructional Materials Motivation Survey
John M. Keller
Florida State University
1. There are 36 statements in this questionnaire. Please think about each statement in relation to the
instructional materials you have just studied, and indicate how true it is. Give the answer that truly
applies to you, and not what you would like to be true, or what you think others want to hear.
2. Think about each statement by itself and indicate how true it is. Do not be influenced by your
answers to other statements.
3. Record your responses on the answer sheet that is provided, and follow any additional instructions
that may be provided in regard to the answer sheet that is being used with this survey. Thank you.

1 (or A) = Not true
2 (or B) = Slightly true
3 (or C) = Moderately true
4 (or D) = Mostly true
5 (or E) = Very true
1. When I first looked at this lesson, I had the impression that it would be easy for me.
2. There was something interesting at the beginning of this lesson that got my attention.
3. This material was more difficult to understand than I would like for it to be.
4. After reading the introductory information, I felt confident that I knew what I was supposed to learn
from this lesson.
5. Completing the exercises in this lesson gave me a satisfying feeling of accomplishment.
6. It is clear to me how the content of this material is related to things I already know.
7. Many of the pages had so much information that it was hard to pick out and remember the important
points.
8. These materials are eye-catching.
9. There were stories, pictures, or examples that showed me how this material could be important to
some people.
10. Completing this lesson successfully was important to me.
11. The quality of the writing helped to hold my attention.
12. This lesson is so abstract that it was hard to keep my attention on it.
13. As I worked on this lesson, I was confident that I could learn the content.
14. I enjoyed this lesson so much that I would like to know more about this topic.
15. The pages of this lesson look dry and unappealing.
16. The content of this material is relevant to my interests.
17. The way the information is arranged on the pages helped keep my attention.
18. There are explanations or examples of how people use the knowledge in this lesson.
19. The exercises in this lesson were too difficult.
20. This lesson has things that stimulated my curiosity.
21. I really enjoyed studying this lesson.
22. The amount of repetition in this lesson caused me to get bored sometimes.
23. The content and style of writing in this lesson convey the impression that its content is worth
knowing.
24. I learned some things that were surprising or unexpected.
25. After working on this lesson for awhile, I was confident that I would be able to pass a test on it.
26. This lesson was not relevant to my needs because I already knew most of it.
27. The wording of feedback after the exercises, or of other comments in this lesson, helped me feel
rewarded for my effort.
28. The variety of reading passages, exercises, illustrations, etc., helped keep my attention on the
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lesson.
29. The style of writing is boring.
30. I could relate the content of this lesson to things I have seen, done, or thought about in my own life.
31. There are so many words on each page that it is irritating.
32. It felt good to successfully complete this lesson.
33. The content of this lesson will be useful to me.
34. I could not really understand quite a bit of the material in this lesson.
35. The good organization of the content helped me be confident that I would learn this material.
36. It was a pleasure to work on such a well-designed lesson.

APPENDIX E
PRE-COURSE SURVEY MOTIVATION (ATMI)
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ATTITUDES TOWARD MATHEMATICS INVENTORY
Name
School
Teacher
Directions: This inventory consists of statements about your attitude toward mathematics. There
are no correct or incorrect responses. Read each item carefully. Please think about how you feel
about each item. Enter the letter that most closely corresponds to how each statement best
describes your feelings. Please answer every question.
PLEASE USE THESE RESPONSE CODES:

1.
2.
3.
4.
5.

A – Strongly Disagree
B – Disagree
C – Neutral
D – Agree
E – Strongly Agree

I am confident that I could learn advanced mathematics.
I would like to avoid using mathematics in college.
I am willing to take more than the required amount of mathematics.
I plan to take as much mathematics as I can during my education.
The challenge of math appeals to me.

© Martha Tapia 1996
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Demographic Information

Please indicate the following:
1. Gender

Male _____

2. Age (Please circle one)

Female _____
18-22

23-27

28-32

33 and over

APPENDIX G
OPEN-ENDED QUESTIONS
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Open-ended questions
How much time did you spend in an average week on activities related to this class?
What are your thoughts about the format of the class?
What are your thoughts about your interaction with your instructor?

APPENDIX H
SAMPLE INTERMEDIATE ALGEBRA EXAM
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APPENDIX I
SAMPLE INTERMEDIATE ALGEBRA COURSE LECTURE GUIDE
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INSTITUTIONAL REVIEW BOARD (IRB) APPROVAL
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Approval Notice
Initial Review

20-Jan-2016
TO: Abdelfattah Sabir
Educational Technology, Research, and Assessment
RE: Protocol # HS15-0400 “The effect of flipped classroom on students' motivation and
achievement in developmental college algebra at a community college”
Your Initial Review submission was reviewed and approved under Expedited procedures by
Institutional Review Board #2 on 20-Jan-2016. Please note the following information about your
approved research protocol:
Protocol Approval period: 20-Jan-2016 - 19-Jan-2017

If your project will continue beyond that date, or if you intend to make modifications to the
study, you will need additional approval and should contact the Office of Research Compliance
and Integrity for assistance. Continuing review of the project, conducted at least annually, will be
necessary until you no longer retain any identifiers that could link the subjects to the data
collected. Please remember to use your protocol number (HS15-0400) on any documents or
correspondence with the IRB concerning your research protocol.
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